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Clean up the noise!

The RION state of the art portable range of sound FEATURES:
lovel meters offers a welcome lterativefor range 2510130 4B (A). » True
The range comprises four instruments, the NA-21 RS, detoctor for handling signals of high orest
and 61 offering the additional facility of impulse factor. e Large, easy to read linear scale meter. o
measurement. Utilising highly stable %" condenser Designed for single hand operation. e Internal
microphones on the precision NA-60/61 calibration oscillator. ¢ Compact and
sound level meters, and 1" units on the light weight(800 gms). e Available with
NA-20/21, acoustic calibration is simply 1/1 octave or 1/3filter units. ¢ A, C
accomplished using companion and flat response. @ Fast/slow meter
pistonphone NC72. dynamic characteristics (impulse
In conjunction with their 1/3 or 1/1 Model NA21-NAG1).  AC output
octavefiter units, these instruments facility for level recorder, etc. éNA
combine measurement versatility with 60/61 conformsto IEC drafttype1,
simplicity of operation to give you a IECPub, 179.and 179S. NA
20/21 conforms to I[EC

practical, economical solution to a
drafttype Il [EC Pub.-123.

variety of noise measurement problems.
Rion hand held sound level measurement.

For further information contact your local WARBURTON FRANKI office.
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What does areally

EmptY! And you can’t blame

anyone for taking a
stand against excessive noise. If your
working environment was sending you deaf
you'd kick up a fuss as well.

But there is a solution. Bradford
Fibertex Acoustic Baffles.

These baffles have been designed to
significantly reduce noise, especially in the
middle to high frequency range, within
factories. They are simple to install in either
new or existing buildings.

Because they are made with compress-
ed Rockwool fibres, the baffles will not burn

g0 08
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noisy factory look like?

or support combustion. They are ideal for
use in bottling plants, canneries and any
other building subject to excessive
reverberant sound.

For further information on Bradford
Fibertex Acoustic Baffles or any of the wide
range of Bradford Rockwool or
Fiberglass acoustical products
ring Sydney 6469111, B
Melbourne 560 0755, Brisbane
2771591, Adelaide 47 5244
Perth 4514444, Hobart 725677.

€312 Bradford Insulation A
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EDITORIAL

Reactions to our April issue have generally been
favourable, although nearly everyone wants to know
how much ' the glossy paper is costing. As with every-
thing these days, the answes uch. However, we
hope that the increased publishing Costs vith the now
style will be justified by increases in the numbar of
technical papers and other material published. We are
aiming to cover as much as possible of the production
costs with advertising revenue. To this end, we are
pleased that Val Bray has agreed to act as our
advertising manager. ~ Val like to receive
suggested names for additional advertisers.

Although the Bulletin is being produced in New
South Wales, the editorial team is conscious of the
fact that it should b a national effort, or should at
least reflect national activi that end, liaison
officers have been appointed in each State to provide
a steady stream of information relating to_meetings,
members' activities, future_activities, technical notes
and (continuing to b2 optimistic) papers for publication.
With the present editors all residing in N.S.W., it will
be easier to lean on members in thal State to produce
technical papers. That would be a pity as thers are
many workers in other States who could produce
interesting articles relating to their interests. Articles
may be submitted either to the appropriate liaison
officer or to the Chief Editor.

As well as regular technical papers we would like to
publish review papers, discussion and tutorial papers
designed to edify those of us not in the same area of
interest. We also need to bear in mind that the Society
has a relatively large number of general membars
(approximately 20 per cent of total membership) who

Could we urge all those members who have a flair
or a yen for writing a_straight-forward, informative
article on his/her area of work to unsheath the pen
and proceed forthwith to produce a masterwork. For

his type of article we would like to see as many
ilstrifons (wmn full captions) as possible, parhaps
treated as an independent sequence in the st
ploneored. by Sclentiic. Amorican (Addiional stit
will no doubt be needed to handle the flood of replies
to our impassioned plea.)

In the People column of the April issue, it was
reported that Professor Harold Marshall of New
Zealand, who is a member of the Australian
Acoustical Society, had been made a Fellow of the
Acoustical Society of America. We are now ve
pleased to learn that our President, Anita Lawrence,
has also been made a Fellow of the Acoustical Society
of America. Our heartiest congratulations go to both
members for this recognition of their distinguished
contrbutions to acoustics, Thess events raise the
uestion: Why arc ther o Fellows of the Australian
Acoustical Society? Although thora is n our
constitution for e election of Fellows, (s option has
lain dormant for a long time. The central problem is
that no mechanism was laid down for an election
process. The constitution merely gives the Gouncil
power to confer fellowships. A possible mechanism
Bulletin Aust. Acoust. Soc.

would be for each State Committee to make nomina-
tions annually for fellowships to Council who could
than exercise thelr divine rght to elect o athervise.
However, it been  suggest that, in these
“enlightened" times the concept of a fellowship noods
re-examination. Is this just a form of intellectual class
distinction? Or, if it is an honour, would not a prize or
similar award be more appropriate? Hopefully a
solution to this and other membership problems will be
forthcoming from the deliberations of the committee
recently appointed by Council.

It seems that the long-established image of the
laconic Austrlian, with s vocabulary confined mainly
to “yep” and “nope”, might also apply in the field of
otets, Ono o our chanshes hopes is to have an
active Lelters page but to date no-one has ventured an
opinion or comment on anything at all. Maybe nothing
deserves a comment but if anyone out there has an
mlevesllng thought, experience or gripe, pyease put
it on paper and we will give you star bi would
bo’a Bnorme M e had 18 resan to dha tme haneored
Dorothy Dix method.

For thoss who are curious as to the origin of the
pattern in the background of our masthead, this is a
second-order beat pattern, generated by a small
computer, consisting of a fundamental tone beating
with a slightly out-of-tune octave tone. While the
amplitude of such a pattern remains essentially
constant, the pattern changes regularly producing a
noticeable subjective effect (phase beats).

Howard Pollard

OVERVIEW OF THIS ISSUE

Our first paper is from Brian Wood on Acoustic
Emission, one of the fast-growing new branches of
acoustics. Brian's paper was given at the Acoustic
Emission Symposium held in Sydney in November 1981.
The elements of AE are covered in readable style and
some interesting practical appliations are dssoribed:
An impressive feature of AE is the large scale activity
that it inspires. Investigators need mountaineering
experience in order to attach their myriad transducers
to structures such as dams, bridges, oil refineries,
{elevision masts, etc.

Neville Fletcher and associates shatter our pre-
conceived notions of what constitutes acoustical
research in New England by tackling the shattering
subject of motor cycle noise. The results are most
interesting and confirm many of our subjective
impressions. But, as one local motor cycl e husmsl
remarked when he heard about this papel
they are going to tackle trucks and semis next. " (Sse
cartoon next page.)

Qur third paper iitates a series of iscussion papars
that will be written in less formal fashion. Roy
tackles a favourite subject, Loudspeakers, in his o
very direct slyle We have engaged a fir of soictors
who are eager ing the expected lawsuits that
might arise vrom |vals manufacturers.
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1 Don'T kNow
WHRY THEY CompLkiN
ABOUT MY EXRAUST NOISE ——

T THOUGHT YD TUNED 1T TO
A BEAUTIFUL NOTE '//
P ©f

WHY DIDN'T | THINK OF THAT!

a system that solves both problems of
ACOUSTIC ABSORPTION AND SOUND TRANSMISSION LOSS
AND IT'S SO SIMPLE

p— S
MEINISTRIP AUDIBAR
Contact the CHADWICK GROUP for more information

Sydney: 428-1388  Melbourne: 560-2422  Canberra: 80-6333
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AUSTRALIAN NEWS

© VICTORIA DIVISION REPORT
New Melbourne Concert Hall
On Wednesday 24 February members of the Victoria
Division were shown over the new Melbourne Arts
Gentre Complex by the architects, Roy Grounds and
Company. Of most interest to the members was the
nearly completed concert hall. The acoustics in this
hall were designed by Bolt Beranek and Newman and
as no expense was spared should make it equal,
acoustically to any in the world. However, members
were even more fortunate to have the opportunity to
speak fo the paoplo responsible for the acoustic design
afew weeks
on Thursday 1t March wr. kim Kirkhope, Chairman
of the Victoria Division introduced Mr. Bob Newman
and Dr. Ted Schultz, both from Bolt Beranek and
Newman to over 100 members and guests. Both gentle-
men had come to Australia to test the results of their
efforts in the acoustic design of the theatre complex.
Mr. Newman spoke first and discussed the perform-
ance of the main concert hall. He said that his
company’s main aims were to —
—allow a clear view of the orchestra for all
members of the audience.
—to ahieve a background noiso environment of
better than NC15.
—to achieve a reverberation time of at least 2

also added that his company used successful
designs in America as models for the Melbourne
Hall to ensure success.

The reason for allowing a clear view of the orchestra
for all members of the audience was twofold. Firstly
if the orchestra can be clearly seen the subjective
assessment of the music made e observer is
apparently enhanced. Secondly, it is desirable that
members of the audience are not “looking over a
sea of people” which would detract from the total
enjoyment of the music. To achieve this aim two sloping
balconies are used with the top one taking full
advantage of the maximum slope permitted by the
relevant standards.

The second aim mentioned, to achieve an environ-
ment of about NC15, has been achieved and in fact, it
may be better than NC13 in the empty hall.

The final aim was to achieve a reverberation time of
at least 2 seconds when the hall Is ully occupled. At
the time of speaking to our Society, Mr. Newman did
ot know what tho réverboralion fime would b6 28 tho
hall was not yet completely finished. He did add
however, that he was very pleased with it. He also
pointed out that the use of concrete in the hall to
enhance the reverberation time does not in any way
lead to a harsh metallic sound as is sometimes said.

Mr. Newman also mentioned two features of the new
concert all The first was thé usé of 700 m of woollon
banners which can be lowered to reduce the reverbera-
tion time by % sec. (for speech, pop music and
rehearsals, for example).

The second was the use of oval perspex panels (or
clouds) over the orchestra for acoustic reflection to
the front audience and the stage. Oval panels were
used instead of the usual round panels to provide
sufficient area of coverage whilst still keeping the
panels away from the hot overhead lights. Mr. Newman
also described the method of orienting the panels using
a spotlight and brought out the need for the orchestra
Bulletin Aust. Acoust. Soc.

themselves to hear the music they and their colleagues
are playing. Mr. Newman concluded his talk by saying
how gratified he was with the result to date.

Mr. Schultz then talked more specifically about the
design of the concert hall. He mentioned the main aim

of a concert hall is to enable a relationship to be
established between each member of the audience

and the orchestra. He then posed the question “Is
designing a concert hall an art or a science?” and
answered it by saying “both” and described some of
the reasons for his answer.

stly as a Science

Noise such s trafic, mechanical services must be
reduced to a minimum. The reverberation time for, say
organ music, should be high (eg. 2.1-2.2 seconds)
whilst for string instruments it should be lower (eg. 1.5
1.6 seconds). Any focussing of sound must be pre-
vented and Dr. Schultz gave examples of some halls
where the harps_overpower the trombones in some
listening areas. The Orchestra requires information
back to ensure their communication to preserve the
harmony of the music and no long delayed echoes
must be present.

Secondly as an art

The _reverberation time be measured but
Dr. Schultz asked what is the best reverberation time?
Also how much early reflected sound is required by
the audience? Dr. Schultz emphasised that the answer
to problems such as these is no longer in the realm
of science.

Dr. Schultz then discussed the general layout of
the concert hall and defended the choice of a nearly
square plan over the often talked about “shoebox”
design. The “shoebox” design's best example Is in
Vienna and the acoustics in this hall are excellent.
However, Dr. Schultz pointed out that the hall is very
mall (1600 small seats) and cannot be scaled up
successfully to accommodate modern audiences.

The quare plan used in the Melbourne Concert Hall
is in Dr. Schultz’s opinion the best shape which
provides both good acoustics as well as a good view
of the orchestra.

Dr. Schultz then discussed the design of the acoustio
reflectors and the woollen banners mentioned by

- Newman in some detail.

After theso 2 presentations and an aciive question
time the Chairman called up Cool
thanked both guests for one of the mgnngms ot'he
Vlcmna Division year.

1 would like 1o add my thanks to our guests and
on behalf of the Victoria Division thank the Directors of
Roy Grounds and Company for their assistance and

n organising thes: asions.
Wo.look forward i6 a very Interesting aparing season
in the new Concert Hall shortly.

Sounds and Noises in Places of Worship
A disappointing attendance of 9 membors were present

on  “Sounds
M

entertaining audio and visual presentation of some
great music as heard in some of the great churches
of the world. Using tape recorder and slide projector
Peter took us first to St. Mark's, Venice, to hear some
music by Monteverdi using four antiphonal choirs on
various levels. We then heard some organ music with
distinct Spanish instrumental character as recorded in
the Royal Chapel at Madrid.
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Peter explained that for best music results churches
required a “long tailing reverberation” and said he
regarded a great church as being a work of architec-
ture, a work of art, and a musical instrument.

Some of |he great composers wrote music to be

med in a specific church or cathedral and to
|Ilustrale this we were taken to Kings College Chapel
at Cambridge University. We admired Peter's very
professional slides of the building exterior and interior
(described as one of the most beautiful in the world)
while listening to both organ and choir music composed
specifically for and recorded in this space.

Accompanied by some music from Handel (great
writer for large churches) we moved to the Round
Church at Cambridge, Salisbury Cathedral and the
intriguing octagon church at Ely and then to Canterbury
Cathedral which is really two churches in one with the
great length of the space presenting many acoustical
challenges (or difficulties depending on one’s view-
point).

Across the Channel we visited Notre Dame with its
fascinating front towers and magnificent _flying
buttresses and heard music dating from Louis IV time.
On to Rome we viewed Michelangelo’s beautiful dome
of St Peler's, spoilt in Peter's opinion by a later added
acade.

We then moved to the Renaissance period and back
to the UK. to see a centralised classical church in
Wren's St. Pauls and to_hear the Dead March in Saul
(recorded at Winston Churchill's funeral) and some
intriguing trumpet sounds recorded in the famous
Whispering Gallery.

/e were reminded of some of our own beautiful
churches such as St. Pat's (how many other churches
in the world have three beautiful stone spires?) and
urged to attend music performances in them. Bendigo
Cathedral was described as one of the great Victorian
buildings of the world.

Peter completed his talk by showing an example of
his own work in the renovation of a lovely old church
in Williamstown and stressed the importance of
achieving a good inter-relation between light and
sound so as to create the desired mood within the
church.

John Lambert

® SOUTH AUSTRALIA DIVISION

Technical Meetings:

February 1962 — “A Quantitative Description of
Properties of all Common Acoustical Uses of Fibrous
Porous Materials” by Dr. David A. Bies, Reader in
Mechanical Engineering and Director of the Acoustics
Laboratory, University of Adelaide.

Synopsls-_The requisit properties of porous matorals

The calculation of the statistical absorption of fibrous
porous linings for reverberation control in enclosures
is also straight forward. However, the relationship of
the statistical absorption to the sabine absorption
remains obscure because the sabine absorption
depends on the geometry of the enclosure and is not
asimple property of the lining alone.

Some results of interest in these matters which span
a period of 28 years were presented by the speaker.
April 1982 — “Ultrasonics in Medical Diagnosis” by
David E. Robinson, Head of the Advanced Techniques
Section of the Ultrasonics Institute.

Synopsis — Mr. Robinson described the existing
techniques used in Ultrasonic diagnosis together with
a smorgasbord of clinical applications. He also dis-
cussed techniques which are being
Goveloped at the Uitrasonics Instituto.

Greg Wild

o NEW SOUTH WALES DIVISION

Technical Meetings:

April 1982 — “Seismic wave propagation from blasting
and its effect on surface structures with particular
reference to the SAA blasting codes AS2187 1980 and
CA23-1967” by J. L. Goldberg, Principal Research
Sclemvsl CSIRO Division of Applied Physics, West
Lindfiel

Summary — A programme of investigation into_the
response of structures by seismic wave_propagation
from blasting is being undertaken by Mr. Goldberg and
his Vibration Group.

The aim of this work is to acquire a better knowledge
of the reasons for damage and disturbance from
Blasting. With noreased activity in Australia in mining
and harbour deepening there is a need to formulate
improved codes 1o ensure that the effects of blasting
are minimised.

Mr. Goldberg's lecture described some of this work
and indicated the progress made by his group in the
past few years. Facilities used in his work were on
display within the Division.

June 1982 — “Diagnostic Ultrasound in Medicine” by
Dr. Robert Gill, David Cavpsnlsv. Dr. Laurie Wilson,
Ultrasonics Institute, Sydney.

mary — Ultrasound is now firmly established as

dvagnoshc tool in medicine. Ultrasound imaging has
replaced x-rays and nuclear medicine techniques in
some areas because it is safe and noninvasive, it
produces complementary information to these tech-
niques in other areas, and it has also opened up some
totally new areas which have had a significant impact
in medicine. In this talk, the principles involved were
discussed briefly, and some examples of applications
shown. This was followed by a tour of the Ultrasonics
Insmute where research and development work is

may readily be measured using a
fubb. i torms of these measured | pmperlles the
quantitative description of all of the common acoustical
uses of porous materials is possible.

For fibrous materials a further simplification can
be made, The requisite properties may in turn b
calculated from firat principiea; only the bulk dansity,
the fiber diameter and the gaseous medium need be
specified. For fibrous materials analytic expressions
have been determined which now make possible
straight forward design procedures for control of sound
transmission through barriers and transmission in
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don
{ochnigues, and the biological efiects of ultiasound.

N.S.W. Division Awards

Clause 3(f) of the Memorandum of Association of
the Society states that one of the objects for which
the Society is established is “To encourage the study
of acoustics and to improve and elevate the general
and technical knowledge of persons engaged or
intending to engage in the science and practice of
acoustics and for such purpose to donate or bestow on
such terms and conditions as may from time to time
be determined prizes or other awards or distinctions

Bulletin Aust. Acoust. Soc.



The N.S.W. Division has agreed to present:
—an-award for the best paper presented at a
Technical meeting of the Division, and
— 2 prize for the best high school siudent essay
N a topic in acoustics.
Detalls felating to aach are in the process of being
in
The Hunter Valley expedition planned for March was
cancelled due 1o lack of support. Perhaps the Barossa
Valley will instil more enthusiasm.
fon managed to mount an Acouslics Display
at two recent “Careers Markets”, organised by High
Schools at Bankstown, 18 March and Fairiold, 20
April. This was a rewarding experience and the
Division is now accumulating display material which
will be on hand for these and other similar events.

John Dunlop
o WESTERN AUSTRALIA DIVISION
Technical Scientific Meeting . .
June_1982 — Professor Brian Stone gave a talk at
the Technical Scientific Meeting of the Australian
Acoustical Society, Western Australia Division on
Thursday 17th June. The topic was: “Some Methods
of Reducing Vibrations in Machine Tools”. — Vibration
in machining poor surface finish, increased tool wear
and excessive noise. The source of the vibration is
often in the cutting process and may result from an
called chatter. It is possible to achieve
considerable improvements by using suitably designed
tools and grinding wheels; also improvements to the
structural response may give significant benefits. A
review of some of the most cost effective methods
was given and the magnitude of the improvements
that may be obtained.
Research project .
A ‘research project under way in the Department of
Mechanical Engineering at the University of Western
Australia is concerned with developing and validating
statistical energy analysis techniques to provide
engineering predictions for the estimation of random
vibrations associated with practical piping systems.
The project which is belng carried out by Dr. Michael
ynn m with A.RG.S. (formerly
it is concerned pnmsmy with experi-
mental and analytical investigations of the effects of
flanges, _discontinuity in pipe wall thickness, and
disconfinuty in pipe wall material on the vibrational
characteristics of cylindrical shells. The art
of the.project Is congerned with a study of the varlous
statistical energy analysis parameters (damping, modal
density and coupling loss factors) which are essential
to the subsequent development of analytical models
for the vibration response prediction. The Department's
newly acquired Hewlett Packard 5420 B Digital Signal
Analyser (two channel spectrum analyser) is being used
extensively n the project.

z=

o cly seminar on “Sound Intensity Measurement”
e WAIT, Department of Architecture on the
20th May. The 'Seminar was organised by Les
Southgate, W.A. State Manager of B. & K. Roger Upton,

enmark, was very successfui in delivering
for “an. auetonce (18) with. various backgrounds  in
acoustics, a very interesting lecture on the B. & K.
Sound Intensity Analysing System bef ch. During
the afternoon he conducted a session of practical
demonstration during which he demonstrated the
versatility of the B. & K. Sound Intensity Analysing
System. WAIT provided an industrial vacuum cleaner
with known Sound Power Levels (obtained by using
Reverberation Chamber and Substitution Method) and
Roger within minutes produced Sound Power Level
figures, which for practical purposes were identical
with those calculated by WAIT students (though Roger
insisted that his figures were more accurate).
Tibor Vass

Bulletin Aust. Acoust. Soc.
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© AUSTRALIAN ACOUSTICAL SOCIETY

ANNUAL CONFERENCE
“The Economics of Noise Control”
Tanunda, South Australia

24-25 Febr\lary, 1983

Abstracts wil be received up 10 3ist July, 1862, They

should not cxceed one page in length but should

provide Sufficient information 1o allow Jor selection of

papers.

ACCEPTED PAPERS

Authors wil be otified of acceptance of papors by the

end of August,

COMPLETE PAPER

Must be ecelved o laler than 30th November, 1962.

Papers should not oxceed s on A4 size ‘paper.

Details of the roquired format wil bo. provided at the

tims of notficaion of acceptance.

PRESEN

Authars il 58 allowed 20 minutes to present their

papers followed by 10 minute discussion period.

The theme of the Conf
e ECONOMIGS. O NOISE CONTRO!

Commonly asked questions in the noise contral field

are: “What will it costl” “What are the and

“What ar " Generally, Gacisions aro

from insurance bodies, union

and employer groups as well as from the research and

applicd engincering feids.

PROGRAMM

Ong keymale paper and 15 to 20 submitted papers aro
11 days.

Invited Speaker: Dr. Eric Bender
ECONOMICS OF INDUSTRIAL NOISE CONTROL
‘Synopsis

Studies to date of the cost of industrial noise control have
ften involve

sound_absor
the cost of control by these “barrier control” means and the
cost of workmen's compensation for noise induced hearing
loss are about equal. On the other hand experience has
shown, that noise control insttuted at the design stago or
control which achieves noise reduction by source mor
Can be 'an order of magnitude less expensive than barrier
control.

Dr. Erc Bondor, a Senlor Conaultant with Solt Bersnsk
of the United States,

and wori i .
Gotlvr "an' itad 'lochure. on i subject of
industral noise conirol with cmphasls upon " g

rocedures at the Annual Conference of
the Austrlian Acoustioal Soctety hostad by ihe South Austea:
lian Division, at Tanunda, South Australia, on 24 ar

His talk wil considor such matters of inrnsic control as

necessary research and development costs

Rt proclyction.costs which et 58 amanied bvat 1 Mo

of the product. He will show that when these costs are

weighed against other currently accepted costs such as work-

menta compensation for heering loss that & slgnificant coat
) bo expected. k will b

Shud
Details: Dr. P. B. Swift, Pryce Goodale & Duncan
Pty. Ltd., 65 Fullarton Road, KENT TOWN,

S.A. 5067.

Receivers and Managers have been appointed for Advanced
Acoustics Products (Aust) Pty. Ltd. trading as Bruce Sheet
Metal Service, It is the intention of the Recelvers and
Managers (Wallsce MoMullin & Smail, Melbourne) to continue
rading whist the financial position is assessed
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THE SOUND YOU'RE ABOUT TO
NOT HEAR, IS BROUGHT TOYOU BY
ACI ACOUSTIC INSULATION.

Everyone knows that AC| Fibreglass is the most popular [ == == == == == == == = mm e e

brand of domestic insulation. But what you may not be ACI Fibreglass, Box 327, Dandenong, 3175, or phone |
aware of, s that we also specialise in acoustic insulation for | 7918388 Sales Office.

all building purposes. Just have a look at our range. . 1 ]
® ACI Monocoustic Ceiling Panels (50 mm, vinyl faced). Pleasesendme detailson. . _
Thermal and acoustic insulation. ® ACI Sonoflex Ceiling | . 1
Panels (25 mm, vinyl faced). Acoustic and decorative ceiling | - — - - —
applications. ® ACI Sonoboard Acoustic Ceiling Panels Address _

(17 mm, perforated vinyl faced). Acoustic ceiling panel. ] 1
@ ACI Noise Stop Board (13 mm, heavy density). Sound |~~~ e -
control in walls, partitions, and ceilings. ® ACI Pink Batts Postcode PhoneNo.
(RLS.R2.0,R25R3 0.R4.0). Thermalinuatonforceings L — — = = — = = = = = = = T |

walls, and floors. ® ACI Building Blanket (25 mm,

75 mm, 100 mm). Thermal insulation
Whatever your insulationeeds, ACI Fibreglass has the F b I
product for you. For additional information and product | I‘eg ass

literature, post the coupon today.




pople comings and goings personal news people comings and g

BIGGER AND BETTER must be the adjectives to
describa the first issue by the fifth production team.
Even the Gossip — oops — PEOPLE column was
bigger. If less errors by your People columnist is a
measure of betterness then the column was better as
well.

1'know that many readers of this column only read it
for the confessions of errors in the previous column.
Yes, this column has such confessions; but life was
never meant to be easy, so you have to read through
the column to find my confessions

Congratulations to DON GIBSON, MAAS. who was
appointed Chief of the Division of Energy Technology
of the CSIRQ, Prior o his appointment on May 25 Don
was Acting Chief of the Divisios

The fate of both the csmo Division of Building
Research, Acoustics Section; and the E.B.S. have been
in

From PAUL DUBOUT Sub-program Leader of the
CSIRO D.BR. Acoustics Section | have leamt that
RISt ihers il ba some admmtrativn re- organisation
of the division, there will be no shut door or closure,
no heads to roll and similar. By the time | prepare the
ext_column | hope Paul Dubout will have sent me
sufficient information to inform readers of tha situation.

Talking today to TED WESTON it seems the E.B.
is not so fortunate. It appears that the E.B.S. has been
allowed to wilt to the extent that it can now best bs
described as dying. Last year the Interdepartmental
Comnittee called for “Expression of Interest” from
organisations interested in taking over and.running the
E.B.S. Whilst two acoustical consulting organisations
were interested in the acoustical laboratories and other
organisations in tho fine testing facilities; apparently
no organisation of sufficient stature came forward to

interest the Committee.

So the E.B.S. languises on.

* * *
TED WESTON has left the E.B.S. and is now retired
— doing some work — looking for work.

ALLAN HERRING, MAA = Aust, has com-
menced his own acous sunmg practice as
Allan “Herring Acoustics, 3714 Stons Strest, South

Perth. By agreement with Ron Carr, Allan will carry
on or continue the previous practice of Carr Acouslics

ANITA LAWRENGE has been elevated to Fellow of
the Acoustical Society of Am

‘Anita Js also In tho news because she, and her
husband Gerry left Australia in mid-June for a 6-month
overseas visit. Whilst away Anita will be visiting
acoustical laboratories in Europe and the UK. and
Spending soms ime at the National Research Council
in Ottawa as part of her Special Studies Programme.

STRENGTH TO STRENGTH. From Ghris Day in New
Zealand | hear that he has a staff of three working for
him — plus Harold Marshall | part llme

From Bob Fitzoll | learn that PETER FEARNSIDE,
M.AAS. s still in Callionia, United States of America
working with Jer e, and expects to stay until
about September. Peter has found the different attitude
to travel interesting — one job ha

Mechanical and Civil Engineers and Acoustic Con-
sultants at 4 most remote corners of the United States
of America and job is dead centre about as far as
you can actually get from everybody.

* * *

JOHN LAMBERT has just telephoned me to advise of
his appointment as_ Manager, Noise_Control Section,
South Australian Department of Environment an
Planning. John currently with the Environment Protec-
tion Authority in Victoria will move with his wife
Margaret to Adelaide. Writing now, not as People’s
columnist but as Victoria Division Secretary | can tell
you we will find it hard to find an adequate replacement
on the Divisional Comittee.

ow for the correction to the last issue. It is
marvellous to be advised of correction to the People
column; marvellous because it shows that some-
where out there somebody reads the column. JOHN
SPILLMAN from Perth advises that Harold Marshall
mentioned in the last column resigned from the Society
in 1975.

CURIOSITY got the better of several membors who
telephoned me about the change of Knowland Harding
Fitzell to Graeme E. Harding & Associates Pty. Lid.
For all those other curious people PETER KNOWLAND,
BOB FITZELL, and myself remain good friends; only
the name of my consulling company was changed. The
previous name recognised the mutual friendship and
co-operation of the three of us; but was changed
bscause many people misconstrued the name as
implying a legal partnership or similar. And about the
change of address in the last issue; well due to a
various set of circumstances we are able to stay where

are.

OBITUARY

HARVEY FLETCHER, one of the pioneers of
modern acoustics, died 23 July 1981 at the age
of 96. The early part of his career was spent at
the Bell Laboratories where he helped develop
sound recording methods, hearing aids, an
artificial larynx, etc. His experiments in subjective
acoustics led to the famous Fletcher-Munson
curves for the frequency response of the ear.
After his retirement as Director of Physical Re-
search in 1949 he moved to Brigham Young
University Utah where he continued his acoustical
research. Some of his later work was on the
analysis and synthesis of the tones from musical
instruments. He was a foundation member and

first president of the Acoustical Society of
America.
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MICROPHONES

ACO Pacific Breaks The Price Barrier!
SAVE $4100 to $200 per unit NOW

“ALTERNATIVE”
FAMILY OF PRECISION
MICROPHONE PRODUCTS

® Direct replacement for Bruel & Kjaer
Microphones — see chart below

& Compatible with existing accessories

® Cost effective in small quantities

® Quantity pricing available

® One year warranty

® Manufactured and sold throughout the world
since 1972

® Companion preamplifier available with detachable
two meter cable

FOR MORE INFORMATION,

CATALOG AND COMPLETE

B&K |ACO Pacific| SPECFICATIONS CONTACT: TYPICAL FREQUENCY RESPONSE
133 7012
ﬂgg 7013 |AUSTRALIAN GENERAL
e | sl | eecrric sates)
4124 7023 LIMITED
145 7022
148 Toaae [ssosarsmeen urmo nw or
4165 Toae  |memoe enzzan
166 Toay  |camesinaenermo -

TELEX: AA 20811 e FREQUENCY

smia—seopees. | ACOuUStics Begins With ACO

**Includes adaptor




West Australian members on the move . .

DEREK CARRUTHERS, School of Architecture, Uni-
yersity of Western Austraia, will be on study leave
from July 1982 to February 1983,
dy of Concert Halls in
Germany and Holland and  attend the European
Acoustics Congress in Gottingen in September (DAGA,
FASE '82)

He will spend three months in the Mariin Centre,
University of Cambridge, working with Mike Barron on
a project on the acoustics of British Concert Halls.

h 0 *

MICHAEL NORTON, of the Departs

Prospective new member . . . ?

Professor BRIAN STONE arrived at the University of
Western Australia_from UK. ecember 1981 to
take up his appointment to a chair in Mechanical
Engineering. A graduate and PhD. of Bristol University,
Professor Stone worked as a research engineer and
seciion leader with the Machine Tool Industry Research
Association (U.K.) for several years before |
academic staff at Bristol, where he remained until
taking up his new appointment. He has an enviable
reputation for innovative research and _practical
industrial i n vibration dynamics; several

Engineering, Universily of Western Australia, plans to

i
of s pateniod inventions have been taken up by UK.

go to England in September for the
Conference on Flow Induced Vibrations in Fluids
Engineering. The Conference is being held at the
University of Reading and is sponsored by B.H.R.
Fluids Enginzering.

VALEREE ALDER, Research Fellow, Department o
Surgery, University of Western Australia, is going on

e from early August 1982 to Frankfurt,
Germany. She will be working at the “Max-Planck
Institut fur Hirmforschung” with Professor Wassle on
neurotransmitters in the retina. She will bz also attend-
ing the International Congress of Ophihalmology at
Emndioven in Holland ‘and she wil be raturning to
Western Australia early in February 198

GRAEME YATES returned from tho UK. to work in
the Physiology Department, University of Western
Australia with Professor Brian Johnstone.

G.UIET ZONE

ACRUSTIC FOAM

Bulletin Aust. Acoust. Soc.

industry. nalysis of

ancountered . vaniabie spoed, cutting rocently. won
him and a collegue the prestigious JOSEPH WHIT-
WORTH PRIZE awarded by the Institution of
Mechanical Engineers, U.K.

Professor Stone has been invited to give a keynote
paper_on the vibration characteristics of bearings at
the C.LRP. Conference in Belgium this coming
Septembar. (CLR.P. is an_international production
engineering conference with about 500 delegates

rawn from all the major manufacturing nations.)

SO REMEMBER, send news of interest to me: not
iust news: but phatography of peopls, buildings, and
all things of acousic intsrest. Send them to
Graeme E. Harding & Associates Pty. Lia B2a kiddtard
Street, stlhom‘ Victoria 3122.

Graeme E. Harding

INEALAUR BA SLan

SHEETS"

vale
metal
Systems

SVONEY.(02) 726 7611
AGENTS IN ALL STATES
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INTERNATIONAL NEWS

° Two New Acoustical Organlznlions
w acoustical society has been established in Portugal
and wiltoe o gistered with the ICA. The address is as follows:
Sociedade Portugussa de Acustca
edro Martins da Silva
Presidente
Clo LNEC.

A new acoustical organization was_established in the
German Damacratic Repubic in the yoar 1981 which is now
registered with e ICA: Tho-address i as follows:

Bayeikaische Gesellschaﬂ der DDR

Arbeitsgruppe Akustik

Vorsitzender Prof, Dr: W.

/o Technische umvevsum Bresden

Homholtzsirasse 1

Chairman 1s Dr. Frohlich from the Acadermy of

ics, Berlin, the
from the Institute’ of Cuitural

puty
Scignees, Central Institute of Electron Physi
ecratary s Dr. W, Ahner
Bulldings. Ber
first mesung of the Acoustics Working Group was held
1981 in Berlin. According to its

ectural acoustics, machine acoustics and_aero-
acoustics,

aynam.czv

Message from the President of the 11th ICA, Professor
R. Lehmany
e {1t Inernational Congross on Aco

s, will be held

i 3
together all French speaking acousticians, Is responsibe for
the convening of fhis highly significant ‘ovent and as such il
o s wimost for f fo ba a success, so that overy partcipant

u pl
Come atong and join s? Your presende alone will be ampls
recompense for our effort.

Details: 11th ICA, Secretariat SOCFI, 7 rue Michel-Ange,
F.75016 PARIS.

o, Summer Workshops in Dighal Sound Syrthesis and pro-
cessing — -week works! ions. Three
wesl wumhop ssons: August 2:, 513, 16:20 uosmu
hniques are boing more and more widely u
the.recording incustry and In esearoh, for both o " st
and processing of “sound.  Digial technology - will
become much less expensive in the next decade and its use
will become widespread. These summer workshops provide
5 Sonbrebensive hands.on Intogucton o s emrsing

ustics, musical aco
ﬂcs acoustics measurement. Colloquia and technical lectures

wdro- and geophysical acous-

e organized to help to propagate available knowledge,
a0 Joint fechnical conferences are planned for al branches
of the W e aim is to contribute to activities
1 tho 13 of soovatics also op the international level.

e 11th IC,

th Congress will be held in Paris (Hotel SOFITEL,
Paris), July 1927, 1983. The venue for the opening session
will_be the main’ theatre at the Sorbonne, in Paris. GALF
up. of French speaking ), will be’ wholly
responsitle for the organisation of the Congross.
ongress will deal with ev of acoustics and
i e horaided by thico Smaller ~Sarciia™ Symposls, held
MARSEILLE: July 1213 on active sound absorption and
Sooatc feedsack contol
st 16 on acoustic radiations from vibrating

stru
TOULGUSE! Also uly 16-16 on oral communication.

field. Em n the practical appication of dighal audio
fechnology. Pamclpnnls will earm how to me and use
Signal processing systoms. The

course feg is 50475 for lne one-week session. This inciudes
tuition and course mal

erais: Digita Music Systems, Inc., P.0. Box 1632, BOS-

TON, MA 02105,

o THE SOUTH AFRICAN ACOUSTICS INSTITUTE
ANNOUNCES @ cal for papers for an Intemational Sym-

posium § October, 1982, at the Faculty of Medicine,

Gnversity o! Stellensbosch Taorberg, Cape To

cousﬂcs AND THE QUALITY OF LIFE.
Ai

Highlighting and mobilizing the important roles that the
various branches of acoustics may play in improving human
existence.

Papers are invited on all aspects related to _the above,
including: Noise Pollution, Architectural, Music, The allevia”
d communication bariers, Ulra.

u_Toit, Faculty of
Medicine, TYGERBERG 7505, ﬂepuhhc of South Africa.

NEW PUBLICATIONS

ENVIRONMENTAL IMPACT OF ROADS
AND TRAFFIC
L. H. Watkins.
Jransport and Roed Reserot Laboratory, UK.
265 po.. 1981, $A45.50 plus 1,00 postage.
: 1. An introduction to snvlmnmemal appraisal
2. Vahicla ottt e A Vibraton andtow 1
sound. 4, Exhaust

8. Construction

Tiita station streer,

oadsi
nuisance. 9. Environmental surveys. In
Available Depot,
M:lcnam, Vic. 3132.
'HYSICS IN AUSTRALIA 1981
f Scie

posiage.

of a series of quadrennial reports on
tho state of the various branches of scienc In Ausira
Included are articles on the status of current branches of

Bhyslcs with complete sumories of Inaitutlns, personnel
nd projécts “throughout Australia. Of spocial Imerost to
rea m' of this journal Is tho chapier on Acoustics by Jack
ose o

Avallable from Australian Academy of Science, P.O. Box
783, AC.T.

Val. 10 No. z—so

STUDIO ACOUSTICS

S oo, susss plus sUs2.50 postage.

CONTENTS: BASICS including sound insulation, reverber:

{ion, air-conditioning system noiss levels. STUDIOG ncluding

control rooms; recording studios; large, small and

reverberation chambers. ELECTROACOUSTICS.
Jvailaple from Chomical Publishing Co. 155 Wost 19 St.
Dept. 627, New York, NY 1

3

ACOUSTICS BULLETIN

Vol. 6 No. 4, Oct. 1981, 36 pp., £3.00 (Annual Subscription
£10.00).

CONTENTS: News items, articles and a special feature on

Speech Research including the following articles: Applied
Aboustics and Spesc Disord rs by R, Borestord, A
Spoech Recogniton by R, ore, Machines that Speak by
L N. Holmes, Specch Production odslling by Gella  Scully,
Some Curren Issues In Spooch Percoption by C. d. D

Available from The Instuts of Acoustics, 25 hambars § sr
Edinburgh EH1 1 HU,
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The Acoustic Emission
Systems of The 80’s

Use the technology of the Future NOW.

Successful acoustic emission (AE) applications within the metals  pre-service and in-service testing of pressure vessels, pipes and
industry are varied and numerous. AE technology has been em-  manufactured components. In the industrial field, applications in-
ployed in metallurgy and engineering mechanics 1o determine d

correlation between AE and material properties as well as defor-  ing structures, quality control inspection of manufactured parls
mation and fracture mechanisms. Other applications include and assemblies, weld testing, in-process weld monitoring and, in

the case of spot-welding, feedback control of the process itself.
LOCAN 1° Locator/Analyzer MSCD 11®
Multi- Sensor Cnmprehenswe Data System

TheMSCO 1 isa nowly improved

LOCAN 1 the only one/two
channel AE System in its
price range which offers nu-

functions for graphic display.
Now, the sophistication of a
computerized system can be
applied economically to
small specimen work or pro-
duction/quality testing.
LOCAN | is compact, port-
able, has a built-in CRT and
is surprisingly low-priced in
comparison 10 systems that
offer less.

distinguishing characteristics

that stll remain

The MSCD Il improvements take

advantage of a new generation

of equipment and software. In-

corgoratng the szslzm operation
ickard's new

i

TRODYNE SYSTEMS INCORPORATE MANY FEATURES AS
STANDARD WHICH OTHER MANUFACTURERS EITHER
‘OFFER AS OPTIONAL OR DO NOT OFFER AT A

lyand massstorage. The
Hewand intelligent Graphics
Terminalprovices a i K

cated terminals. The MSCD I is
IEEE

renowned Howsti-Packard family o pe-. Standaro Digal ntertace, which
ripheralsfor s high o forits  makes the Interconneciion to

CHiclont worldwide supBly  madern primers. platers ang
A Servce memwors other devices easy andinexpensive.

MINI M ® (Compact MSCD) System s JO}HN MORRIS
e O e JJIM( SCIENTIFIC

Catons & rotaine the sabet foatures and versatify of e EE——— TD.
improved. packaging echniques. dmma!wv;xw-ﬂu . .
chammel systom lo-bo packaged wih compuir and foppy 346,
ot syt inrportes chwire based b g eyt PO Addroas: 0. Box 8D, Ghatawood 2067, NS, Ausrale
proven WSCO I ATE sovare, ho mos extensive HEAD OFFICE: N.SW. - 61-63 VICTORIA AVENUE, CHATSWOOD
o Soware alows the Sorors o bo used in e @ Tanel Telex No. AA22001 Telegrams Asticom Sydney
coniiguration o in smallr ndopardon groups of pais. I aiso incor-
Telephone: 407 0206
fantfor uso in e reirforced pastics (FRF)

T VNI s o comptl wih 0 1EE 408 sandar it i Australi
Tt 1o e ooyl v ooy, e e o o Quesnsiand  South Ausralla  Wost Australia
Gavicss. e ofhard copy, gEphics and TG oy 7202311 PhiS24072  Ph:425809  Ph.:3865466




Acoustic Emission - A Stethoscope to Monitor Structural Integrity
Brian R. A. Wood

CSIRO Division of Mineral Physics
Lucas Heights Research Laboratories, Private Mail Bag 7, Sutherland, N.S.W. 2232

ABSTRACT: With the development of sophisticated electronics during the past few years, it is now possible to use acoustic
data_that were previously lost in_background noise. One tschnique that is being exploited is acoustic emission (AE)
monitoring; by carelul use of AE. It is possibls to qain vaiuable Informatlon on the strcturel integiy of both melst and
composite structures. The technique can bo used for nom-desiructive inspection, during a proof test or during oporation, or
for long-term monitoring to schedule maintenance procedures and structural integri emission has been success-
Tony usods o des, ipalivos, proseure. vessers, Arorai, 8 we o6 & wide rangs i iarge and s welded ane asricaied
components.
. INTRODUCTION

“Acoustic._emission mornitoring, the noise produced by a material which is undergoing stress, is a versatile
and valuable non-destructive testing tool. It is not a new techniue — in fact it was probably the first warning
technique — but usually it warns of a destructive incident. The creaking of timber before and when a branch
or tree collapses is a typical early example. A more recent example would be the creaking of timber mine

struts.
It has only been in the last twenty years that acous

developed to its present form. The advent of solid state ar

mission monitoring, as we knew it today, has been
and more complex electronics has made it possible

to develop techniques that can be applied usefully to industrial situations.

The AE technique has many non-destructive testing applications. For example, in a number of steels,
stress wave emission (another description for AE) from localised areas of deformation can now be detected
well before the most sensitive strain gauges can detect the yield point.

2. WHAT IS ACOUSTIC EMISSION?

Acoustic emission signals are stress or elastic waves
generated when elastic energy is released during the
deformation of a solid. The stress waves are essentially
sound waves which travel with a characteristic velocity
in the material. The signals may be smail and occurring
frequently so that they approximate a continuous noise
signal, i.e. continuous emission, or they may be larger
and less frequent so that th ar as bursts,
i.e. burst emission. Practical applications of AE to
non-destructive testing have been restricted to the
monitoring of burst emission.

Continuous emission is thought to arise from sub-
microscopic events, such as_dislocation movement.
Theoretically, it should be possible to detect emissions,
subject to thermal interference, which would be
equivalent to the movement of a few atoms. However,
at present, the smallest detectable emission involves
the movements of clusters of 5 to 150 dislocations.
Burst emission, on the other hand, is thought to result
from larger scale phenomena, including the breakavay
of clusters of dislocations from their pinning points,
the formation of twins, the propagation of cracks, iip.
the fracture of second phase particles and phas
transformation.

The irreversibility of these phenomena suggests that
they will not occur until the material commences to
ylld plestically. Emission hes been detected at less

in 10 per cent of the yield stress, and it is almost
mvanably detected before the nominal yield point.
Earlier Iocalised yielding will always ocour in any

ing the generated emission under a known stress
situation. This can be created in-service, enabling
known defects to be categorised and unknown active
defects located. This information could be of consider-
able value to designers ‘and fabricators in_critical
situations and of economic advantage in identifying
defects that require repair. However, great care is
needed in this use of the technique.

3. HOW IS ACOUSTIC EMISSION DETECTED?

Acoustic emission is usually monitored by

piezo-electric transducer attached magnetically or
mechanically to the surface of the structure. Any active
defect in the structure will generate stress waves
which are detected by the transducers. Metal wave"
guides are used to protect the transducer from hostils
environments. It is also possible to use a transducer
which is tuned to a particular application and to
achieve further filtering with electronic euipment

(Fig. 1).

transducer
eset
ock

Figurs 1: Blook Disgram of Besic Acoustio Emission
Ring

preampifier

fiter amplifier

“structure” because of the stress
result_from manufacturing errors, design i, or
internal defects such as inclusions, cracks or voids. It
is this localised yielding that enables the detection and
location of the defects which are causing the stress
concentration.

Because detection is possible at a general stress
level which is less than yield, the technique is non-
destructive. Since much small activity can be detected,
defects can be identified in their very earliest formation
One of the major difficulties with acoustic emission is
that, although defects of all sizes and forms can exist,
if they are not under stress at the time of

down Counting Met/

Usetul emission goaurs e bursts of emstlc energy
with frequ from several hertz to several
Togahartz. Alinoigh there may be significant bursts of
eneray in the audible frequency range, the most useful
information is obtained by monitoring the higher
frequency ultrasonic component of the burst, thus

teducing the possibility of interference from low
frequency external noise.
4. ANALYSIS OF DATA

The acoustic emission bursts detected by the

transducer are convened into an slsclncal signal and,
y be evaluated

no emission will be generated and they will not be
detected. A side effect of the phenomena is that known
defects can be classed as active or passive by monitor-
Bulletin Aust. Acoust. Soc.

in various ways.
First, the characteristics of the emission may be
used to identify the source. Although this technique
Vol. 10 No. 2—66



shows promise it is still far from being a practical tool;
attempts are being made to identify sources from the
signature analysis of the emission. Such sources of
emission may be slip, twinning, hydrogen embrittle-
ment, phase changes, crack growth, slag inclusion,
cracking of microscopic carbides and movements of
cascades of dislocations, etc. (Fig.2).

— Rise time: R

Number of courts: N

threshald

M

Ouration D

Figure 2: Parameters for Characterising an Acoustic
Emission Event.

Second, it is possible to count the bursts as a
function of time, as a cumulative count or as a burst
rate. The burst may be described as a_decaying
sinusoidal oscillation whose frequency and duration
depend on the resonance behaviour of the transducer
assembly; the number of discernible cycles in the
product will depend on the original size of the
emission. If the crossovers of a set trigger level are
counted, rather than bursts only, the count rate is more
closaly felated to energy than to events. Note that the

mber of counts detected on acoustic emission
Counting aquipment generally doas nt correspond 1o
the number of pulses, but depends on the amplitude
of the pulse (Fig. 3).

counts

threshold

Number of counts
N

Figure 3: Ringdown Counting Method.

Third, the location of a source of emission in a two-
dimensional body can be determined by standard
triangulation technique using the relative arrival times
of a specific burst at theso separate transducers. For
linear location, such as along the pipe or rod,
transducers placed at opposite ends of the reglon ot
interest are adequate (Fig. 4)

It is possible to gate the arrval times of the signals
at the various sensors so that only those pulses
emanating from a selected area will be fed into a
counting circuit. This means that extraneous pulses
originating at the loading points or support points of
astructure can be eliminated.

Bulletin Aust. Acoust. Soc.

5. THE USE OF ACOUSTIC EMISSION

Acoustic emission can be used on metals, ceramics,
rock, timber, cement and, indeed, most materials. This
versatility shows how widely AE can be used for fault-
finding and proof-testing on such -items as _large
structures, bridges, aircratt, dams, geological forma:
tions, pipelines and pressure vessels — to list but
afew.

One of the earliest workers in acoustic emission, a
German engineer named Kaiser, demonstrated what is
now known as the Kaiser effect. If a material is
stressed, and then that stress is removed, there will
be no acoustic emission in any subsequent stressing
until the original stress level has been exceeded. Thls
means that it is very important that AE monitori
done on the first prassufisation, i.6. at tho prooi-siress
stage.

However, the Kaiser offect, although limiting the
scope of AE monitoring in some cases, can improve it
in other cases. If a material or object is proof-tested
and then later repressurised, AE can be detected below
the proof-test pressure. This indicates that there has
been some recovery within the material, or that a
stress concentration has formed, implying the forma-
tion or growth of an active defect. In some circum-
stances, correct use of AE monitoring would not only
ensure confidence in the integrity of an item by
substantiating the absence of AE during regular
application of stress or pressure, but also signify the
need for inensive Inspeciion i i present. Consider-
able saving can also be made owing to the ability
of the tecnmque to localise areas requiring detailed
inspectiol

Care snoula be taken in interpreting the Kaiser
effect, for often parts or sections of the structure may
be removed, modified or replaced; the activity from
the new material associated with any replacement or
modified parts may also generate emissions which
mask the silence of the Kaiser effect. Any test loading
should duplicate the service loading since any variation
in procedure, e.g. the removal of ancillary equipment
and supports, could lead to incorrect interpretation of
the data.

6. MATERIAL EFFECTS ON ACOUSTIC EMISSION

Not all materials are suitable generators of acoustic
emission. As mentioned earlier, acoustic emission has
been recognised for years in the creaking of timber;
it is also heard in the “cry” of tin. If a piece of tin or
high-tin solder is bent, a crackling sound, known as
the “cry”, is heard. It is, in fact, the AE generated
from the 'formation of twins, resulting from internal
shear within the material. But bend a piece of clean,
mild steel and the process is silent.

Transducer
Location

Enmission Source:
Location

Emission
B
oth Test Pate Under Stress

law Detection by Acoustic Emission.
ol. 10 No. 2—67
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Different materials have very different acoustic
characteristics. The successful use of AE tests is, in
many situations, complicated by the characteristics of
the ~material. In particular, clean high-toughness
steels, such as those used for pressure vessels, are
particlarly quiet during deformation. As & simple
generalisation, soft ductile steels that contain
inclusions are quiet, whereas high-strength, e
steels are noisy. Although there are numerous excep-
tions to this generalisation, it is fortunate that the most
commonly used constructional steels are noisy.
Ceramic_materils, such as cement and cspecially
bricks, “produce copious emissions before failure.
Neveriheless, non-detection of a defect in a structure
does not guarantee that one is not present. The
potential success of any acoustic emission test should
be evaluated on test samples of the relevant material
before a decision is made on its use.

7. LIMITATIONS

t stage of development, it is not
possmle to be certain that AE techniques will locate a
defect in a stressed structure. The chance of success-
fully locating a defect is wide-ranging and depends
chiefly ‘on a detailed knowledge of the material
properties and the structural geometry.

As with other forms of testing, failure

8.2 Inten:

An intensity measure of a source is its average
amplitude per event. Also, the emission count per
event, the emission energy per event, or other
quantities that can be shown to be related to the
amplitude of the signal, can be used as intensity
measures. A source is considered to be intense if it is
active and its intensity measure consistently exceeds,
by a specified amount, the average intensity of active
sources. The intensity of a source can be calculated
for increments of the stimulus or of events. An intense
source is considered to be critically intense if its
intensity continuously increases with increasing stimu-
lation, or with time under constant stimulus.

8.3 Typical Source Classifications

Sources considered to be critically active, criticall
intense or both are indicative of questionable structural
integrity and, if possible, should be evaluated by other
non-destructive testing methods. Sources considered
to be intense are indicative of possible flaw growth

and, if possible, should be evaluated by other non-
Gosiructus tosting methods, Sources congidered to b
active but not intense, should be recorded for
comparison with sources detected during subsequent
examination. Sources considered to be of low activity
and intensity usually require no further evaluation or

of an AE test to detect a flaw does not guarantee the
integrity of the structure. If the test finds no flaws, the
ood

is highly ~dependent
experience and ability.

In most applications, this rather unspectacular result
is to be expected. Happily, gross defects are rare in
most fabricated structures and often AE techniques
have been used only after other non-destructive testing
methods have been applied. A successful test, where
success is.defined as the locating of an unknown flaw,
is thus very uniikely. However, the incidence of
detection of unknown flaws must increase as AE be-
comes accepted and understood by those responsible
for structural integrity.

A customer who is given a negative result (i.e. that
AE test has found no flaws), can derive little assurance
of integrity and must look to the results of other forms
of non-destructive testing. A series of such vague and
unspectacular results is highly probable and, in the
absence of code requirements for AE testing, is likely
to discourage potential applications and stifle its
development as a non-destructive testing tool. It may
be for this reason that the literature on AE applications
is rich in reporls of successful testing programs, but
poor in reports of tests which produce inconclusive
Tesult, although these must surdly be in the majority.

8. INTERPRETATION
he American Society for Testing and Materials has

arawn up a standard specifying AE test conditions and
classifying detected defects from the AE pulse rate.

ources are usually classified with respect to their
acoustic activity and intensity.
8.1 Acoustic Activity

A source’s acoustic activity is normally measured by
event or emission count; a source is considered to be
active it it is either of these; counts continue to
increase with increasing or constant stimulation. It is
considered to be critically active if the derivative of
its event emission count continues to increase with
increasing stimulation, or with time under constant
stimulus.
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on the. operator's

It must be emphasised that for a defect to be located
by an AE test it must be active. If the stress distribution
is such that at the time of monitoring a particular defect
is not subject to a new maximum stress level above any
previous maximum, then it will not be active and no
AE will be generated, so it will not be detected. This
is one reason why long-term monitoring is important. If
the entire structure is monitored continuously, then
its integrity can be monitored in real time and a factual
history_ compiled. Also, the need to overstress to
compensate for the Kaiser effect is reduced as
pressure and temperature excursions and recovery will
have both been recorded and monitored, and it may be
possible to reduce the level of overstressing required
to carry out a useful test program.

9. APPLICATIONS
The applications of AE divide into two main groups:
) long-term monitoring, anc
(b) proof-testing and on-line testing.
Both applications give an indication of structural
integrity. (Long-term monitoring provides a full and
adequate data bank for the structure being monitored.)
Most materials lend themselves to acoustic monitoring
techniques. Paper, glass, ceramics, timber, metals,
geological formations, concrete and composites may
all be monitored by AE techniques. Each task requires
specific_techniques to overcome the many problems
associated with AE monitoring and such work in
Austrll is wel advanced. Some of the applications
in
Material defects
(@) The detection of areas of hydrogen embritiiement
in steel slabs. As the hydrogen comes out of
solution, ihe Tberation and expansion of the gas
can be detected and located.
Corrosion pheriomena have been monitored and,
in some instances, quan monitoring the
corrosion _product fhrmation and. Tberation  in
metallic and non-metallic structures.
Variations in hardness in a large structure have
been identified by AE techniques. More work is
needed to make the technique reproducible.
Integrity testing
One of the largest fields of AE monitoring is weld
integrity testing. It is possible to monitor the integrity
Bulletin Aust. Acoust. Soc.
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of the weld at the time it is being laid down and also
during its lifetime. A major application of AE monitoring
is regular integrity testing of welds in pipelines.

Pipelines pose _particular prob]ems. especially in
Australia where pipes pass through urban and suburban
residential areas, recreation areas, rural areas, under
water and through mountains. Often such pipelines
receive unintentional damage which, for many reasons,
is not reported, This poses particular problems for the
pipeline authority in locating damaged areas. Acoustic
monitoring will notify and locate such an event while
monitoring material and weld integrity; with a little
extra effort it is possible to control flow rates and
processes by monitoring the AE from the product in
the pipeline.

Pressure vessels
Acoustic emission first gained acceptance for the
monitoring of pressure_vessels. Many vessels have
been more easily certified after being subjected to
toring. Some pressure vessels have
re and AE tests have identified the
active areas and failure initiation points.

Structural testing

Acoustic emission techniques have been applied
to timber, metal and pre-stressed concrete bridges.
Techniques have been developed to monitor and test
the tension cables, pre-stressing rods, aggregate bonds
and welds of these structures.

Structures which undergo cyclic loading with and
without thermal cycling exhibit creep and fatigue
problems. Acoustic emission tests can be applied to
monitor creep and fatigue in metal and concrete
structures. If suitable laboratory investigations are

n the material being monitored it is possible
to identify the stage of creep or fatigue describing the
structure_being monitored. Elastic and plastic regions
an be [dentified from the acoustic event rate in some
materi

Sieel towers, such as radio/television transmission
towers and_electricity power line supports, can be
monitored. Careful study of electromagnetic radiation
patterns and appropriate location of transducers and
connecting loads will overcome interference.

Storage tanks

Storage tanks of various sizes and shapes present
a different problem. Although the AE techniques used
are well established, if the sound transmission paths
within the vessel have not been understood and
identified, serious location problems can be caused.

Chemical and petrochemical plants using alloy steel,
stainless steel and fibre composite materials are well
suited to AE monitoring and on-line pressure testing.

Civil engineering studies

Earth embankments and dam walls can be monitored
successfully. The ability to detect acoustic activity
in soils can be applied in many industries. It is possible
to identify such stages as stable, littie movement,
moderate movement, considerable movement and
impending failure from the emission from the soil.
Packing density has an effect on the results and this
should be monitored by a control sample.

Concrete dams, buildings, stacks and bridges can be
monitored successtully using AE. The tilt of large dams
can be monitored as the water level behind the dam
rises and falls. Signal analysis can give an idea
of the interface integrity between blocks in such
structures.

Acoustic emission activity is evident before earth

an: iowever,

of the material owing to the large volumes involved
and the varying attenuation properties of the rocks
Bulletin Aust. Acoust. Soc.

can give signal attenuation ranging from 2 dB per 100
metres to r metre, usually in_unknown
combinations. It good coupling to the fault zone is
possible, usable results may be obtained.

Timber analysis

Acoustic emission from timber is probably the oldest
appifcation of the techniaue. It s, possiole to.use the
technique to identify activity, fibre failure and matrix
debonding, as well as areas of rot or fire damage or
hidden knots or variations.

Aircraft industry

Considerable amounts of work have been done on
aircraft. Some monitoring and inspection has been
done on commercial aircraft, but most work is done on
military aircraft. Australia is making a significant con-
tribution to this area of work.

The mining industry has been a little slow to take up
the obvious advantages of acoustic monitoring. Some
work is being done in coal mines on earth movements,
gas bursts and roof supports. However, since this type
of work is too dangerous, few researchers will under-
take such analyses. Extensive valuable acoustic
monitoring of underground blasting has been made
at Mt Isa.

Mining equipment and installations are litle difforent
to other machines when it co monitoring.
The fopes, supports and welds in underaround I
hoists, fans and on equipment such as dragline:
bucket wheels and loaders, can be monitored success-
fully for integrity and defect location.

lectric arc furnaces

Crack initiation and growth has been monitored in

the hearth and electrodes of electric arc furnaces.
Fibre re-inforced plastics

Fibre re-inforced plastics are_difficult to test and
evaluate useful life. The cherry pickers used by most
electricity authorities are tested regularly and often
rejected after 40 per cent of their useful life. Acoustic
emission testing can adequately test the units and
effectively provide an extended safe usage period for
these boom:

10. CONCLUSIONS

Acouslic emission monitoring can be used success-
full tool
DUt ot opiace, ether Sandard | |nspecllon techniques.
The limitations of AE testing are not so great that the
technique cannot be used on many structures. There
is undoubtedly a large number of potential applications
in Australian industry in which the technique can be
used with economic benefit to locate defects. However,
there is work to be done in three major fields.

First, the identification of sources of emi
the characterisation of their emissions. Data obtained
to date are highly characteristic of the medium and
the transducer. Perhaps the aim should be to get a
transducer inside the material. The Yobell specimen of
Scruby and Wadley at Harwel, is perhaps the closest
approximation yet obtained. The research needs to b
linked with studies of chemical composition and
heat treatment to identify AE activity in relation to
composition and microsiructure,

, the macrostructural effects need to be
investigated, together with the ffect of Structuro shape,
transmission path characteristics and internal cracking.

ird, there is a need to investigate further the
Kaiser effect and quantify the recovery parameters to
ensure worthwhile and useful test schedules.

Unfortunately, because short-term profits dominate
industrial activity, this usually leads, in the long-term,
fo greater expenso and often catastrophic result. If

ould be of considerable long-term advantage to set
Up an AE monitoring system n e piant and optain
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real time structural integrity assurance and real time
defect location. This type of system could also yield
process data which would indicate areas for improved
process control and result in an increase in product
quality and quantity. Such an installation in a critical
section of a plant would soon justify technically and
economically its expansion to the entire plant,

An alternative strategy would be to use AE flaw
focation and monitoring techniques on a regular basis
in areas of high stress. These tests can be made
“on-line”, "thus avoiding plant shut-down. Having
undertaken this type of surveillance, the maximum gain
comes when the test program is repeated regularly —
say annually — and a comparison made of present
and previous results.
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Motor Cycle Noise in an Australian Context
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ABSTRACT: Tratlc noiss distributons for difirent classas of veticles in @ suburban res are comparod. Heavy articuated
vehicles are the major noi but motor o extremely and unjusiifably noisy. All cycies In'a small te
population were found fo comply with Regulations, mado undor e N.SW. Noiso Conifol Act of 1975 (NGA 1975) bt
significant traction did not comply with Ausiralian Design Rul 26, Correlation between the two measures of noise emission
im0l go0d. A further t6st of average idi est course suggests that NCA 1975
procedure provide a good measure of average norsiness. though this may be undersstimated for cyeles of smail enging
‘capacity. Some further suggestions are made.

1. INTRODUCTION

Of all the forms of noise pollution affecting the community, that due to motor traffic is perhaps the most
pervasive and annoying. Certainly airport and railway noise may be more exireme but each of these sources is
localized and presents well-defined technical problems, while with motor traffic the sources are widely
dispersed and behavioural problems are mixed in with technical ones.

The general problem of motor traffic noise was reviewed in detail not long ago by Delany (1974). It is not
our purpose here 1o try to add substantially to existing knowledge but rather to examine certain problems in
an Australian context and to describe the results of preliminary study bearing particularly on the increasing
problem of noise from motorcycles.

The noise emission from motor vehicles in Australia is, in principle, limited by the requirements of Australian
Design Rules 28 and 28A of 1976 and 1977 (hereafter referred to as ADR28 and ADR28A respectively), and in
addition by various State Acts such as the New South Wales Noise Control Act, 1975 and its 1979 Regulations
and amendments (hereafter referred to as NCA 1975). Broadly speaking, ADR28 and ADR2BA refer to noise
emission during an acceleration test under closely specified conditions, while NCA 1975 refers to exhaust noise
under stationary conditions with the engine unloaded. Tests under ADR28 and 28A are relatively complicated
bocause of thei special sita requirements whils NGA 1675 tosts are designed as simple- Kerbside. ehécks on
suspect vehicles.

It is clearly of interest to know the correlation between ADR28 or 28A and NCA 1975 measurements and the
average noise emission from vehicles in use under Australian conditions, and it is also of interest to know to
what extent vehicles in everyday use conform to the requirements of each of these sets of regulations. This
study is therefore supplementary o the discussion in the preface to Australian Standard AS2240 (1876) which

treats the correlations between different noise measurement procedures in more d

2. NOISE-LEVEL SURVEY

The measurements specified in ADR28 and ADR28A are
designed to specify and limit the maximum noise
emission from vehicles in motion. It is therefore of
interest to compare the specified limits with the noise
emission from vehicles in a typical situation where
annoyance is appreciable but not extreme. The
measurement site chosen was on the New England
Highway where it passes through Armidale, with traffic
climbing a moderate grade through a typical open
suburban bulltup grea with_fitle’ contribution, from
reflection from a speed limit of 60 km/h.
The retatively ight trafic ever made o separation
of contributions from  individual vehicles a simple
matter.

For convenience the traffic was classified into only
four groups: (a) cars and light vehicles, (b) heavy
vehicles, (c) heavy articulated vehicles and (d) motor
cycles. The design limits specified in ADR28 for these
classes are approximately (a) 84 dB(A), (b) 89 dB(A),
(c) 92 dB(A) and (d) 86 dB(A) with these limits being
reduced by about 3 dB in ADR2BA for vehicles manu-
factured after about mid 1980. The limits specified for
motor cycles are further subdivided according to
engine capacity but we shall postpone considaration
of this point until later.

Since the ADR tests specify that the measuring
microphone be set up 7.5m from the centre line of
the path of the vehicle in an otherwise clear area, a
test site conforming approximately to these require-
ments was chosen and measurements of maximum
noiss leval were mad on every vehicie passing during

eriod. A
perlod extended the sample of motor cycles so that the
numbers in the four categories were adequate for
statistical analysis. The results are shown in Table 1.
stand, these results look reasonably
Bulletin Aust. Acoust. Soc.

VEHIGLE NOISE LEVELS IN d8 (8)
3
ured Standard

ADR 2
Type Number limit mean Devn.
Cars and Light Vehicles 959 84 707 31
Heavy Vehicles 118 89 800 45
Heaw Aioulaed Vehicles 98 g2 872 33
Motor 153 86 784 43

sausvactory in terms of the limits set, though more
information can be extracted from the statistical
distributions. _Initially however we note that heavy
articulated vehicles are clearly the major noise sources
encountered and that, for their passenger and load-
carrying capacity, motor cycles are much nosier than
cars and rank closely with general heavy transport
vehicles in the non-articulated range.
The histograms in Fig. 1 give the measured results
in more detail. As expected, the distributions are more
r less normal in shape (on these axes a normal
distribution is an inverted parabola) except that the
distributions both for cars and other light vehicles,
and particularly for motor cycles, have tails extending
to quite high noise levels. About 3 per cent of heavy
anculated vehicles and nearly 10 per cent of motor
cycles exceeded the ADR2S I e measuring
point. A subjective assessmem suggested that in most
cases the excessive noise was caused by defective
or modified exhaust systems.
3. MOTOR CYCLE NOISE
While heavy and_articulated vehicles clearly pose
major noise problems, they at least have the justifica-
tion that they are transporting large loads and are
generally confined to highways and industrial environ-
ments. Motor cycles, in contrast, generally carry only a
single rider and are used in residential environments
at all hours of the day and night. There are thus
persuasive social arguments that their noise emission
should be reduced to that applicable to passenger
Vol. 10 No. 2—71
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Figure 1: Histograms giving the percentage occurrence of

‘measured noise levels within 1 dB classes for (a) passenger cars

an other light vehicles, (b) heavy veticles, (o) heay aticulated vehicles, and (c) motor cycies. Note that the percentage

cale is logarithmi

cars, though the technical problems and penalties in
efficiency may in fact prevent this from being
feasible aim.

To examine the problem further, a selection of 34
motor cycles ranging in capacity from 90 to 1000 cm3,
from 1 10 4 cylinders and of both 2 and 4-stroke design
was tested against the requirements of ADR28 (using
the sub-classification on” engine capacily) and  of

Measurements showed that 20 of the 34
cycles failed to meet the requirements of ADR28, 9 of
these having obviously modified or defective exhaust
systems. All cycles however met the limit of 100 dB(A)
t 3000 rpm and 0.5 metres from the exhaust specificd
by the slmpllﬂed form of NCA

The correlation between KDR2S and NCA 1975 sound
levels, which is shown in Fig. 2, is interesting. The
relationship is obviously quite nonlinear and, for the
noisier cycles, the narrow NCA 1975 range from 94
to 98 dB(A) allows ADR28 noise levels ranging from
89 to 100 dB(A). Comparison of these levels for
individual cycles with those measured during normal
riding of the vehicle up a hill showed poor correlation
in both cases, so this was then made the subject of a
more detailed study to be described in ths next section

Finally, since the NCA test is very attractive
for general monitoring oo, an analysis was made, for
the 34 cycles in the sample, of the correlations between
exhaust noise measured at different engine speeds.
These correlation coemciems are shown in Table 2

5

CORRELATION COEFFIGIERT () FOR EXHAUST NOISE AT
FERENT ENGINE SPEEDS (R2M)

o0

2000 ki) ki 0% o 92

3000 1.00 098 050

4000 1.00 n ss 094
097
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and are clearly all very high. This suggests that, since
simplicity and availability of measurements are of more
importance than absolute accuracy in community noise
monitoring, it might be reasonable to specify noise
requirements at one engine speed only, say 3000 rpm,
rather than in the more complex way envisaged in the
Act. A set of such equivalent noiss levels is shown in
Table 3. It is interesting that to a first approximation

TABLE 3
APPROXIMATELY EQUIVALENT NOISE LIMITS FOR
MOTOR CYCLES, MEASURED N ACCORD WITH

SCHEDULE 3 OF THE NOISE CONTROL ACT 1975
(GINE SPEED (RP.M)

2000 saan 4000 5000 6000
85 90 93 7 103
90 95 9 103 110
95 100 105 110
99 105 110

the relationship corresponds to an increase of 5 dB(A)
for an increase of 1000 rpm in engine speed in only
mild distinction with the. 15 GB(8) increase for 4
doubling of engine speed quoted by Delany (1974).

4. TYPICAL CYCLE OPERATING NOISE

In order to assess typical operational noise emission
from a vehicle, it is desirable that this be monitored
during a considerable time and with differing road
conditions and drivers. Such monitoring is more easily
carried out for a motor cycle than for most other
vehicles since the principal source of noise is the
exhaust.

With this in mind a condenser microphone, protected
by an appropriate nose-cone turbulence shield (Bruel
and Kjaer 4135 half-inch microphone with UA0386
nose cone) was fitted in turn to each of a variety of
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motor cycles in a position similar to that specified in
NCA 1975 but only about 0.2m from the exhaust exit.
The cycle carried an appropriate power supply and
cassette recorder to record the microphone signal.
Gallbration wes set by operaling the angins at 3000 tpm
while making a standard NC ‘measurement, and
the recorder gain was then locked, This procedure
automatically “allows for the differences between
individual microphone ~placings and _refates the
measurements directly to the NCA 1975 standard
situation. The owner of the cycle then rode it over a
standard course typical of traffic-free suburban con-
ditions and occupying about 7 minutes of riding time.
The cassette was then replayed through a data capture
system to sample the A-weighted noise level at about
one ‘second intervals and a statistical analysis was
made of the results. A simple listening test was used
to_confirm that turbulence noise was at no stage
significant in comparison with exhaust noise. Four
typical histograms are shown in Fig. 3, with NCA 1975
calibration marked in each case.

TABLE 4

MEASURED NOISE CHARACTERISTICS OF MOTOR CYCLES
ON TEST COURSE

NCA Mean level
1975 level A Peak level
Cycle type dB (A) dB (A)

Suzuki 125 2 105
Yamaha 125 91 105
Yamaha 175 90 96
Suzuki 250 % 102
da 250 90 103
Honda 250 pas 101
Suzuki 370 04 101
Yamaha 400 84 93
onda 500 % 98
600 9% 101
Kawasaki 750 88 97
900 8 103

It is clear that the noise emission level has a rather
wide range about its mean and that this mean is rather
higher than the NCA 1975 level. Details are given in

lo 4. Particular values are not necessarily typical

of the particular cycle type quoted since muffler
condition and rider habits varied widely. The NCA 1975
levels aro, however, a good guide to the noise emission
m these cycles, as is shown in Fig. 4, which gives
e dlstbution of mean oies. omiagon Iovals abors
the measured NCA 1975 levels. Leaving out of account
for the moment the two small 125 cm? cycles, which
presumably had large noise levels because they
were necessarily operated under nearly full-throttle
conditions over much of the rather hilly course, the
verage excess is about 2 = 3 dB ithin_ these
limits and with the exception of the o cycles, the
NCA 1975 levels are thus a reasonable indicator of
average noise emission in typical operation. Indeed
the correlation is remarkably good when the variation
in cycle types and riding habits is taken into account.

5. CONCLUSIONS AND RECOMMENDATIONS:
1t was dlear to all tho pecple Involved In the measurs-
t programme that, though all the motor cycles

osted Tultied the logal requirements of NCA 1975,
many of them were extremely noisy. It seems manifest
that the limits specified_under this act should be
progressively and sub:tantmlly tightened, probably by
as much as 10 dB(A). The fact that this may require
et modtication of some cycles and even put
others off the road should be regarded as necessary
consequences of any effective legislation.

In addition it may be useful to recognise that cycles
with small engine capacity appear to have average
Bulletin Aust. Acoust. Soc.
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Fig. 2: Scatter diagram of the correlation between motor cycle
noise levels as measured in an acceleration test (ADR 28)
and a static test (NCA 1975).

noise emissions much higher than the NCA 1975 levels
because of their_typical operation at much higher
throttle settings. This tentative conclusion is based
upon a lamentably small data sample, but it does seem
to suggest that a revised Act should incorporate lower
permitted noise levels for engines of small capacity,
as does ADR28. Such a feature would in any case
appear reasonable on general grounds.

Finally we turn to one other aspect of motor vehicle
noise control _legislation that ~appears worthy of
comment. ADR28, ADR28A and NCA 1975 properly
specily the uss of general-putpose or precision sound

vel meters complying with the requirements of
Publication 175 (1566) "of the_International Eloctro-
technical Commission (IEG uch meters are
accurate and reproducible within =1 dB over the
important part of the frequency range and their filter
chavactenshcs are closely controlied. Unfortunately

expensive and ths expenso (more then $500)
s thele availability and use.

We have seen, however, that the noisiness of many
vehicles is gross and that furthermore the actual
holsiness dufing operation may vary considerably. A
rather less precise instrument of ready availability,
together with a judicious allowance for possible error,
might therefore be of assistance in controlling motor
vehicle noise.

Such simple sound level meters are available from
radio hobby shops for less than $50. They incorporate
A and C filter_weightings and fast and slow meter

A check of these _instruments
Vol. 10 No. 2—73
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Figure 3: Histograms of exhaust noise level_distributions for four typical motor cycles ridden around a suburban test course

by their owners. The ordinate in this case is linear and the

measured in accord with NCA 1975,

(Realistic 42-3019, randomly chosen and in condition
as bought from the shop, against a properly calibrated
high quality sound level meter showed an initial calibra-
tion error of less than 1 dB at 1000 Hz and agreement
with it to within 1 dB(A) when measuring sound levels
for several motor cycles in accord with NCA 1975. It
is this second observation that is more significant since
the frequency response of the simple meter may not
be adequately accurate for use with pure-tone signals
at other frequencies.

Obviously a comparably inexpensive calibrator is
needed to ensure continued reliability, but this observa-
tion makes it feasible to require an exhaust noise check
for all vehicles during registration inspection (hopefully
in conjunction with much stricter standards) together
with_provision of such meters to all police traffic
patrols for objective assessment of noise violations.
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arrow in each figure shows the static 3000 r.p.m. noise level

Figure 4: Histogram of the excess of the mean noise level

around the test course over the static 3000 r.p.m. level

measured in accord with NCA 1975. The highest two excesses
apply o two cycles of capacity 125 cmb,
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LOUDSPEAKERS
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ABSTRACT: The weakest link In the saund reproducing system is the loudspeaker. Most manufacturers don't supply the

important loudspeaker paramef
handlmv uﬂsb/l/w? Should tho /oudsysskal
What about the resonant froqs
speakers and help in the choice of a system.
1. INTRODUCTION

: Most il salesmen, dorrt know them. any

way. What are they? How important is power
meter? Should the box bo large or small, vented or closed?

oncy’ What Je e demping’ Thie aricle Wil dlscuss. sbjective ortona o evaluating loud-

is loudspeaker will handle 70 watts”. Apart from the implied guarantee that the voice coil will dissipate

continuously 70 watts of low frequency energy, such a statement tells you nothing about the loudspeaker. How

much acoustical power will it deliver? Is it a
box o

or 15 cm woofer — and is either preferred? Is it in a closed
or is it a vented enclosure? Which is better? These questions and many others apply espsc&aﬂy to the
“dynamic” loudspeaker, that is, a loudspeaker whose essential parts are shown diagrammatically

in a baffle and whose cone radiates directly into free air. This discussion will only deal with this genenc system.
The other main type of loudspeaker, the horn, is rare and unless your loudspeaker is similar to the "Klipsch”,
large in physical size, complicated in' box structure and probably mounted in a corner, then you don't have a

true horn type loudspeaker.

Edge compllance
Permanent Mognet

Oiaphragm

Centre suspension

Voice coil

Fig. 1: Main features of an electrodynamic loudspeaker.
2. RESONANCE
Dynamic loudspeakers have cones that have mass, m..
They must also have elastic suspensions to provide
restoring forces: force per unit displacement is stiff-
ness, s.. Therefore they are like that “mass on the
end of a spring” — have a_resonant frequency,
f.. This is an important constant for any loudspeaker.
3. ACOUSTIC EFFICIENCY
The overall efficiency, 7 (acoustic energy out to
electrical energy i), of dynamic loudspeakers is low;
2 per cent is very good, 5 per cent excellent, 0.5 to
0.1 per cent normal. This results from the fact that
the audio electrical signal energy must be changed
to mechanical energy of cone vibration then to
acoustical energy. The “radiation resistance” of the
cono has a argo mismatch with the acoustic impedanc
of

inthese days of inexpensive high powered tran-
sistorised amplifiers it might seem stupid to talk of
efficency, but the design factors that go to make up
efficiency also show up in ortant parameters
of loudspeakers, Anywey, an sficiency of 1 per cent
with an input of 7 electrical watts gives the same
audible result as does 0.1 per cent from 70 watts.
4, LARGE OR SMALL LOUDSPEAKERS?
At frequencies about 10 times the resonant frequency
of the loudspeaker, the efficiency ;7 is proportional to!

where B is the magnelic field, the actual length
ol wire ol tho wolce coll In this feich Re 16 the vorce
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coil resistance, A, cone area and m. mass of the cone.

This leads to the deduction that apparently the area
of the cone has only little effect on the efficiency. For
a given cone material, the mass of the cone (and
coil) is about proportional to the area of the materiall

ave small loudspeakers? First, the
smaller the cone area the greater the cone excursion
for a given acoustical output power. Since the driving
coil must be in a uniform magnetic field, then the
smaller the cone the larger the field — and a magnetic
'Ie\d is expensive. Also the system is a mechanical
and the suspension could easily be driven into
noﬂ Ilnesr displacements, resulting in distortion. Again,
the voice coil can become too heavy compared with
the cone mass itself and so the system efficiency drops
compared with a larger cone. Further, the amplitude
of cone movement radiating a given acoustical power
varies inverssly as the square of the frequency. At
100 Hz the amplitude is 4 times that at 200 Hz; at
50 Hz 16 times that at 200 Hz! So small cones are out
for anything but low acoustical output.
5. EFFECT OF COIL RESISTANT
The quantity /R is relatively fixed too. Suppose we
halve the diameter of the wire but fill the same volume
with this new wire. The number of turns increases by
2 along the length and by 2 in thickness, so I has
increased by 4, I* by 16. But the cross-section of the
wire has decreased by 2, its resistance has increased
by 4. Its length has increased by 4 so its new resistance
is 16 times the old resistance!

So efficiency goes up with B* and B is expensive.
BI's of about 10 are about the bes( that most manu-
facturers aim for with a voice coil of 8 ohms nominal
resistance.

or frequencies below the resonant frequency, fr,
the efficiency drops off at the rate of 12 dB per octave
so the lower frequency limit of a loudspeaker is
roughly its resonant frequency. But let's be careful
about what is meant by the resonant frequency of a
“!audspeaker system”.
6. CLOSED BOX
The vesonant frequency, fr, of a loudspeaker, in
isolation, is given by
12, = (472m.c) 1 = s./ (47 (2
¢c., cone compliance, is the inverse of cone stiffness, s..

But a loudspeaker unit has to be mounted in some
way to stop the waves from the front of the cone
interfering with the waves from the rear of the cone.

The simplest way to do this is to put the loudspeaker
in an airtight box. Now the cone has to compress and
rarefy this enclosed air. The box is an acoustical
compliance with a stiffness s,. This adds to the stiff-
ness of the cone suspension and the formula becomes

= (85 + )/ (47°m.) @
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f; is the resonant frequency of

System, which, is. obiously’ higher than et of the
isolated loudspeaker. It is this frequency that enters
into the calculation for the lower frequency limit of the
system.

So, 1o get a reasonably low frequency limit in  smell
boxes, the cone mass must be increased.
slifiness becomes the limiting factor since Stifiness is
inversely proportional to box volume. Lowering the
stiffness (making the suspension more sloppy) of the
loudspeaker cone helps little. Of course increasing
the cone mass decreases the efficiency — more
electrical power in for the same acoustical power out.

loudspeaker manufacturer should state the
equivalent volume, Ve, of his loudspeaker. V. is pro-
portional to the compliance of the suspension and
allows us to calculate the effect on the resonant
frequency of the system for different box volumes, V.
V, is_proportional to the compliance of the box.
Generally we are interested in the ratio of these two
volumes. The compliance of a loudspeaker-box system,
Cu is given by
= C(VaVe)/ (Vg + V) 2]
and the inverse ‘of this vaila can bb substituted for
(55 + 5 in equation (3).
7. LOUDSPEAKER DAMPING
A loudspeaker is a mechanical system that is meant
to reproduce speech and music, that is, transients,
not just continuous Sine wave tones. This means that
the ‘system should be damped to reduce overshoot
and spurious oscillations near the resonant frequency
(boom). A measure of damping is the Q; of the system
(see Box 1). A Oy of 0.5 means the system is critically
damped. The system, when suddenly displaced and
released, returns to rest in the minimum time without
overshoot. A Q; greater than 0.5 means that a transient
will result in overshoot, the system will not return to
zero displacement in minimum time. The greater the
Q, the less the damping, the greater the boom.
For a loudspeaker yetem
+ (Bl + R (5)
where r is the mechanical dissipation e system.

The second term of the denominator is due to the
fact that the voice coil vibrating in a magnetic field
generates a back emf and_current which, flowing in
the circuit provides mechanical dissipation as well. R«
is the resistance of the wires joining the amplifier to
the loudspeaker system, something often overlooked,
and R. is the internal resistance of the driving amplifier.
In these days of transistor amplifiers with lots of
negative feedback, R. can be taken as zero.
small, as should be R s0

Q = 27mf,R/ (B2 ®
Once again, a low Q; requires expensive Bl.

Small “long throw” loudspeakers illustrate the
application of equation (6). These loudspeakers have
small cone areas, so to generate adequate acoustic
outputs they must vibrate over large amplitudes at the
lower frequencies (the inverse square frequency effect).
To repeat, if the excursion of the cone is to be linear
with driving current the coil must always move in a
uniform magnetic field. There are two ways to get
this, a short coil in 4 long magnetic field — and
resonable efficiency — long coil in a short
magnetic field with low eficioncy. Since 1 i the length
of coil actually in the magnetic field it follows in
the latter case that some of the coil is outside the
magnetic field (i.e. “wasted” coil resistance) leading
also to a high value of Q. Unless mechanical damping
is introduced boomy bass (if any) is the result.

Fig. 2 is a graph with normalised frequency on
the abscissa; the ordinate Is the relative response of
the system at a particular frequency compared with a
Vol. 10 No. 2—76

BOX 1

Quality Factor, Q

The term Q grew up in the early days of radio

transmission and reception. A circuit consisting

of an inductance or coil (L) and capacitance (C)
when connected_ electrically has a natural or

resonant frequency given b

r2LC)-1.

But cails aro of wire whiah has resistanc, resut-
ing in the dissipation of energy when currents
flow in the system.

The prime importance of resonant circuits is to
tune in wanted radio frequencies and tune out
unwanted ones. The ratio 2Lf./R, where R is the
resistance of the inductance in a series LCR
cirouit, gives the magnification of the input
voltage applied to the circuit to that appeanng
across the inductance at resonance. Since ti
bigger the ratio the better the result, the o
quality or quality factor was applied to this ratio.
The term quality factor was shortened to Q: the
bigger the Q, the better the coil.

Since mechanical quanties have analogous
electrical quantities: jous o induct-
ance, compliance |- (stfiness)] 10 capacitance
and dissipaon to_resistance, similar equations
and similar ideas can be used.

Musical insiruments, vibrating _mechanical
systems, have high Q's, they vibrate at precise
frequencies. If a system having a Q greater than

5 per cent of its original amplitude in_about
Q vibrations. This is precisely what we don’t want
with loudspeakers.

The equations of motion show! that the Q of a
vibrating system must be 0.5 for the system to be
critically damped. That means that if the system

shock excited, it will return to its original
position in the minimum time
system mass X 2r X resonant frequency

—05

dissipation
The same argument holds for the ratio between
your car's mass-suspension resonant frequency
and the shock absorber dissipation!

frequency much greater than the resonant frequency.

-Each curve is for a particular Q. The loudspeaker

with a Q; of 2 shows high efficiency at resonance —
it also means undamped boom at any transient and
poor response to frequencies near resonance. A Q;
of 1 gives almost flat frequency response but there is a
small ripple and it is underdamped. A Q; of 0.7
yields the maximally flat response while the critically
damped value .5) yields a response 6 dB
down at resonance. This fact gives a reasonable excuse
to use tone controls on power amplifiers to supply the
extra 6 dB — if the amplifier can do so without distor-
tion and the loudspeaker can handle the extra power
and the amplitude of vibration. Note the effect of a
Q; = 0.1. This would be a highly efficient loudspeaker,
a large BI. Its response is 20 dB d
it i

lown at resonance.

could be enclosed in a small box if the rise at
resonance were acceptable OR it could be used in a
horn type enclosure because its response is close to
the “constant resistance’" response that is needed for
“horn loading”.

Another way of looking at the curves is to see what
would happen to the response of a loudspeaker if its
Bl is kept constant and mechanical damping could be
introduced to improve the performance.
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Fig. 2: Relative power output of a dynamic loudspeaker for

Fig. 2 also shows how to manipulate a loudspeaker
with a Q, less than 1, for maximum frequency range.
Adjust the box volume to yield a Qy, for example, of 1.
The system drops off below resonance at 12 dB per
octave, but the penalty is — the system will take a
time interval equal to one period of the resonant
frequency longer than the critically damped system
to come to rest after the application of a transient. It
is no longer a transient!

8. THE VENTED BOX

The second popular loudspeaker enclosure is_the
Helmholtz or vented enclosure. There is a vent or
tunnel or pipe connecting the inside of the box to
the outside air. (This vent acts as an acoustic induct-
ance.) Thiele? shows that there is an optimum relation-
ship among the constants — the box volume Vi, the
equivalent loudspeaker volume, V., its resonant
frequency, f., and the box/vent resonant frequency,
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various values of Q..

., which yields a maximally flat and critically damped
acoustic response. The optimum values are such that
the two resonant frequencies f., f- are the same, the
volume of the box is 0.707 that of the loudspeaker's
equivalent volume and the Q; is 0.38. The system
response drops off at 24 dB per octave below .. Good
loudspeakers for vented boxes must have strong
magnetic fields and sttong magnelic  fleds - are
expensive
9. INanAsme THE DAMPING
Can Q; be reduced easily? If (BI/R)* is limited and
m is limited by the cone having to be stiff enough to
vibrate to radiate the claimed power, f, cou
reduced by making the loudspeaker suspension floppy.
But the equivalent volume rises. So while you can find
loudspeakers with a Q; of 0.38, they might have a
resonance of 25 Hz and equivalent volume of 200
litres! So for the optimum vented enclosure a volume
Vol. 10 No. 2—77



of 140 litres is required. Hardly a bookshelf type
loudspeaker.

If we start defining the loudspeaker for size of box
we want, say, 70 litres, a resonance of 35 Hz and a
cone mass of 30 grams, we would need a BI of about
13 1o get a Q of 0.38. All this suggests that most
loudspeaker units on sale are deficient in bass
response and damping. The above remarks are based
on a 25 cm diameter loudspeaker.

Thiele's tables show that to decrease the box volume
and yet keep smooth response means decreasing Q
even more. Lampton and Chase? give curves for vented
enclosures showing necessary Q; values down to 0.32!
10. LOUDSPEAKER CONSTANTS
Summing up so far. To know anyihing about a loud-
speaker we should kno

the , of the loudspeaker

cone mas:

cone compliance c. or stiffness s. or equivalent
volume V.

product of B and I NOT just B

voice coil resistance R.

resonant frequency f.

effective cone area A.

Then the first statement of this article will begin to
mean something. Loudspeaker manufacturers seem
loath to give out such vital statistics — and to keep
to them. One company | know published figures, then
found it couldn'’t keep to them. Another two companies
I'have found give details of some of their products.
11. WHAT ABOUT THE TREBLE

Response in dB

IR S R
510°2 5 10°2 5 10

Frequency (Hz)
Fig. 3: Frequency-power envelope of loudspeaker test signal.
To return to our 70 watt example. While the woofer
might handle 70 watts, the tweeter (the highest-
frequency unit) will probably handle 70 milli-watts. To
get acoustic power above 2000 Hz means systems
specially designed to do so. To repeat, don't expect

0 2 N

But everything so far only applies to low frequencies!
An ordinary loudspeaker fails to obey equation (1)
when the circumference of the cone becomes greater
than about twice the wavelength (in air) of the emitted
sound. Corrugating the cone helps to increase the
frequency range — the cone doesn't vibrate uniformly
over its whole surface area al higher frequencies.
The cone “breaks up” and only the cone near the
voice coil vibrates at the. higher Trequencios,

The fashionable method to obtain wide frequency
response is to use 2 or 3 (or more) loudspeakers to
handle the different frequency ranges. Each loud-
speaker is handed its own frequency band by use of
passive splitting networks inserted-between the power
amplifier and the loudspeakers. Of course if you want
to be extravagant you can have active splitting net-
works, that is, splitting networks before the power
amplifier ‘stage and use one power amplifier per
loudspeaker!

12. WOOFER MID-RANGE AND TWEETER
Multiple loudspeakers introduce further power handling
limitations, generally unknown to buyer and seller.
Symphonic music has little power in the frequency
range above 2000 Hz. These frequencies are, however,
important. Your 70 watt loudspeaker will not
dissipate 70 watts at any frequency throughout the
whole frequency range. If you try that out you will
burn out all but the woofer or low frequency load-
speaker. You might even burn it out as welll The
standard loudspeaker test signal is 2 noise_signal
with a frequency power envelope of imum
powiar per unit bahdwidth occurs at 150 bz, 3 B down
points are at 50 and 350 Hz. The envelope is down
12 dB at 1000 Hz, 20 dB at 2000 Hz and 32 dB at
5000 Hz. If anyone designed a loudspeaker system to
handlo white noise, then, the loudspeaker- handiing
the top octave would have to handie hall tho
input power! ink noise for a 70 watt syslem
of overall bandwidth 30 Hz to 16 kHz would mean 8
watts in that top octave. MORAL: Never test loud-
speakers with white or pink noise. Also beware feeding
electronically generated or altered music into the
usual loudspeaker system.
Vol. 10 No. 2—78

a 70 watt handle even 7 watts in the
higher frequencies. It will give you two burned ol
loudspeakers instead. Remember also that ransionts
are wide bandwidth impulses. Avoid loud recurrent
transients.

To conclude — beware the loudspeaker advertise-
ment. But | don't know where you can lear the truth
about that loudspeaker system!

However, see Appendix
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APPENDIX 1
To choose a loudspeaker take your spouse — or friend
— and a couple of good records or tapes to
the -salesroom. My two recommendations are “!
Patineurs™ Meyerbeer arr. “Lambert, National
harmonic Orchestra, cond. Rich o,
R04210 to_test the bass response and “Fantasia” in
C Major D760 (Wanderer), Schubert, Sviatoslav Richter
pianoforte, W.R.C. S-4924 to test damping and smooth
frequency bandwidth.

Listen for several minutes on one set of loud-
speakers — don't jump from one to another. Using the
first record check to see if the bass drum sounds
different from the tympani and all the bass notes are
separate. Listen to see if the percussion group
instruments are crisp. Make sure the tone controls
start at flat. However a small bass boost is allowable.
Then compare with another set.

The piano is a percussion device. When the Schubert
is played, note whether you can hear the pedal being
used, that the whole of the frequency range is coherent.
Some loudspeakers emphasise just one band of mid-
range frequencies (to give presence!).

Note your choice and go away and ponder. Go_to
another shop. Each pushes a particular brand. Try
not to be influenced by price — but be prepared to
pay.

s
Phil-
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i/ Noise levels reduced in
NO;SE ’/ Technical School’s trade
/! ‘s classes
 VEIE B -

Ripple Sound can be tailored o fit unusual shapes
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Richmond

Richmond Technical School, Melboune, reduced their noise levels by
instging the RIPPLE SOUND ) Celing System ihughoul the various

rade classes, and in other
KHPBLE SOOND. Caiing Syslem provides —
« Excellent sound amen * A decorative maintenance-
Suriace » Effactive th sulation A dramatic increase in ngm
reflection.
Sound Tests by recognized independent authorities prove that RIPPLE
souND is the most effective, economical system for coniroling noise!

RIPPLE SOUND

manufactured and installed by

RENHURST INDUSTRIES

) A unit of Jamos Harcio Indusiros Limited

Renhurst Industries

Faugn St, Mulgrave, Vic. 3170
sendme Testdetalls D alieratue 0

o FPPLE SOUND A,
709 6022

3763222
Adel. 2557666
4515666

....Post Code. RH145
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NOISE!

Quiet words of advice inthe use and selection
of Nylex Noise Control Materials.

Problem Example Noise control material Bulletin No.
Soundfofl 14
Damping machinery housings; 105
sheet metal business machines (‘PZDampmgShccl 106
Damping thick DYAD 108
metal plates
Damping and o
| Absorption Foam Damping Sheet 109
Absorption business machines;
enclosures; pipe wrapping; Soundfoam/Embossed 102
lining sound trapping Soundfoam 101
labyrint c
chambers 7
Absorption and ry enclosures
Barriers s cht Soundmat LF/Embosse 110
and recreational vehicle Soundmat LF/Film Faciny 103/110
generators; appliances |
Soundfoam/matte film fin 103
16
Absorptionuith | near liguid spray equip: 103
spe ce | ment; cleanable surfac Soundfoam/metalized Mylar® 103
treatments st masne Soundfoam/tufted fibre 116
applications [~ o
orption for | headliners and side
hicle cabs pancls for cabs for Cabfoam 104
off-highway vehicles Soundfoam/perforated vinyl 103
and similar
Soundmat FVP 113
; curtain wal Soundmat FV 11
enclosure access | Soundfab 112
Nylex noise control materials are available for a wide T Py
ariety of applications requiring Absorption, Barrier and
Vibration Damping treatment me - S
Nylex specialised problem-solving capabilities \\\ )
application engineer vices, cust i e N
Wi

cutting and nstala here required, to 5
t ective solutions to noise control problems in
3 aft, domestic ppnanmam mar .
types of equipment; ;\huhuon exi ‘hm and equipment, A
ornew product development with cquipment.
For a copy ofmulafm\lmseConﬁol\hu lsBulletin ~ NYLEX CORPORATION LIMITED
00, c mglhcranq of materials available, contact: Sydney 7744444 Pert 8911  Hobart 3
Comrol Materi Brisbat ez 1 oee Adehule’ss 4000 er\taztlcﬁ@?lss

Corporation Linted
oo 5 Mentone, Victoria 3194, Phone (095810211 a
orany of Nylex State offices. Company. Inc- N US A

o The Soundcoat

o0s2nvLNG
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TECHNICAL NOTES

NOISE ATTENUATION

Noise in duct systems can be a major industrial, social
and environmental problem. Engine exhaust pipes, air
conditioning and ventilation ducts and power station
stacks are familiar examples of where gases and
noise are being moved from place to place. Although
adequate methods are available for eliminating high
requency noise, the low frequency components are
difficult and expensive to eliminate. In addition, the
elimination of low frequency noise often imposes major
increases in energy use because more pressure is
required to move the gas through the silencer. This
often results in a larger fan and motor being required.

Recent advances in electronics have enabled new
methods of attenuation to be considered which do not
restrict the flow, do not increase energy use and are
particularly suitable for low frequencies. The Division
of Energy Technology is investigating a method called
active attenuation. This entails maasunng the signature
f the noise at one point in the duct and then
introducing downstream a secondary sound of the
opposite signature. This “anti-noise” signal attenuates
the original, unwanted noise.

Experimental work at the Division has commenced
with periodic, random and transient noise sources
being studied. It is hoped to achieve a reduction of up
to 15 dB (subiectively 50-75 per cent) with a broadband
noise of 30-700 Hz. The next stage will be to introduce
flow into the duct. Turbulent pressure fluctuations in
ths flow will make noise attenuation more difficult to
achieve.

(From CSIRO Minerals & Energy Bulletin, April 1962)

SINGERS' PITCH DRIFT

Many of us have had the excruciating experience of
sitting through an interlude of unaccompanied singing,
conscious that the pitch was wandering and dreading
the inevitable discord that would occur when the
accompaniment restarted. Like most people, | would
have automatically attributed this sort of disaster to
lack of skill on the part of the singers, but a recent
chance reading of an article by Donald E. Hall*
suggested to me that the subtleties of the musical scale
may quite readily compel a perfectly skilful choir to
ose pitch

The sample that Hall gives is the following:

N

N PP v— _8:1
R

rhr
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It may not be great music, but it is not unbelievably
bad. It describes a sequence of five chords in which
one note, marked by a tie, is sustained into the next.
Our perfect choristers skilfully adjust the other notes
on the new chord to give the proper frequency ratios
1o the note sustained from the old. If, for example, we
take the middle C of the first chord to have a frequency
of 1, the A of the second chord will have a frequency
of £/3, The D of the 3rd chord will consequenty be
(5/3) x (2/3) =10/9, giving the G of the 4th chord a
frequency of (4/3) X (10/9) = 40/27. This G carries
over to the final chord resuling in s frequency for the
adls G thore of (30/27) (2/3) = 80/81!

That i, by the faulisss inging of this simle 5-chord
progression, the pi s been forced down about
HTe comiono, “akd Cloarly the process could bo
repeated any number of times to make the drop more
and more painfully obvious.

So next time you hear singers, or ather musicians
who have to make their own frequency decisions,
going off pitch, consider that not all the biame may ba
theirs. Some of it may be inherent in the decision taken
centuries ago to call a 2:1 frequency ratio an octave
and divide it into 8 (or 12) parts.

*Hall, D. E, “Musical Scale Tunings", American
Journal of Physics, Vol. 42/7 (1974), pp. 543-552.

Dennis Gibbings

HEAVEN IS HOTTER THAN HELL

The temperature of Heaven can be rather accurately
computed from_available data. Our authority is the
Bible: Isaiah 30:26 reads, Moreover the light of the
Moon shall be as the light of the Sun and the light of
the Sun shall be sevenfold, as the light of seven days.
Thus Heaven receives from the Moon as much radiation
as we do from the Sun and in addition seven times
seven (forty-nine) times as much as the Earth does
from the Sun, or fifty times in all. The light we receive
from the Moon is a ten-thousandth of the light we
receive from the Sun, so we can ignore that. With
these data we can compute the temperature of Heaven.
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The radiation falling on Heaven will heat it to the point
where the heat lost by radiation is just equal to the
heat received by radiation. In other words, Heaven
loses fifty times as much heat as the Earthy by radiation.
Using the Stefan-Boltzmann fourth-power law for
radiation

H

i
£ ) 50,

where E is the absolute temperature of the Earth,
300K. This gives H as 798K (525°C).

The exact temperature of Hell cannot be computed
but it must be less than 444.6°C, the temperature at
which brimstone or sulphur changes from a liquid to
a gas. Revelations 21:8: But the fearful, and unbelieving

shall have their part in the lake which burneth with
and brimstone. A lake of molten brimstone means.
s temporature must be below the boiling point
s 444.6°C. (Above this point it would be a
vapour. nel a lake.]
have, then, temperature of Heaven, 525°C.
Temperalure of Hell, less than 445°C. Therefore,
Heaven is hotter than Hell.

(From Applied Optics, 11, No. 8, A14, 972)

*

* *
PHONETIC ACOUSTICS

Much to my pleasure | appear to have started a
whole cacophony of noises by remarks on the different
sounds made by British and French drums. | now know
from cortespondents that, unbeliovably, German pistols
go piff-paff, theoretically o suggest an echo, and that
pan in French, pick-puff in Polish and
bakvoom in Japanese. One man says that French
saucepans also go bling, but omits to say in what
circumstance. As they strike someone's

Roger Owen, a lecturer at City of London Polytech-
nic, has been conducting research among his students
who, he says, were restrained with difliculty from
spending an entire teaching period producing multi-
lingual drum-beats, blasts, thuds, squeaks, and so on.

1 am indebted to him for my now extensive knowledge
of the subject, starting with drums.

Japanese drums_normally go pam-pam but brass
drums go don, unlike Korean brass drums which say
koong, So much for drums. The rest is a selection
from the onomatopoeic student

Greek dogs bark ghaff-ghaff and a Japanese falling
into water sounds japong, in contrast to a Frenchman
who goes in with a ploof. English bottles pouring out,
go glug-glug but in China a bottle will go glob-glob,
curiously different from it near neighbours in Indo-
nzsia going krook-krook. Spanish bottles ar
Guishod by’ a subllo axira seund, perhaps due to.the
solera system. They say tot-tot-to.

Ending on a military note, Mr. Owen's ltalian inform-
ants say that artillery in their country fires with a poom
or a tchouf, but he adds that a cap pistol bought by
his son in Siena and fitted with extra loud caps, went,
according to the packet, with a super bum.

(From New Scientist)

N * *
ULTRASONIC SYSTEM FOR MURRAY

The Australian Mineral Development Laboratories
(Amdsl) is producing an ultrasonic river flow gauging
system for the South Australian Engineering and Water
Supply Department,

he system will bs used in the lower Murray River

to monitor flow varltions and produce & conlinuous
record of flow

Tha ultrasonic. method is_considered superior to
mechanical or electronic methods.

As there are no_moving parts it does not obstruct
the river, affect the environment or require main-
tenance.
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Also the technique is suited to the low velocities of
the Murray.

Tho method involves measuring the _difference in
travel time for ultrasonic pulses travelling upstream
and downstream between two points.

Transducers which transmit and receive the ultra-
sonic_pulses are usually placed on opposite banks of
the river and at an angle of 30-60 degrees to the
direction of flow.

rom these the velocity at a particular depth aver-
aged over the width of the river can be calculated.
Because the velocily profle can be affected by severai
necessary to measure at several depths

:o “Gotain a sufiicienty accurate measurement of total

The system being built requires an accuracy in the
velocity measurements of about 0.1 mm/s, which
means the average travel time of tha ultrasonic beams
is to be measured with an error of less than five nano-
seconds.

It is proposed to use a system with pairs of trans-
ducers at four depths. A microprocessor will control
the operation of the system, dstermine the velocities
and calculate the total flow every hour.

(From The Australian Physicist, 19, 65, Apr. 1982)
* * *
HOW STEREO STIMULATES THE BRAIN
Wiy do peoplo prefer stereo music to monaural music?

It may be that stereo stimulates more nerves in the
brain, according to Dr. Manfred R. Schroeder, a
physicist_associated with Bell Laboratories in New
Jersey. “The more stimulation of the nerves, the
greater the enjoyment,” he says.

Recent studies have clearly demonstrated that a
listener derives most pleasure from music when the
sounds reaching each of his ears are as dissimilar as
possible. This creates, says Schroeder, the “acoustic
space that most listeners find so satisfying.” How does
this translate into greater nerve stimulation?

According to Schroeder, it appears that nerve signals
reaching the brain from the ears can actually work
at cross-purposes. If the signals are enough
and if they arrive at nearly the same time, stimulation
of brain nerves can actually be inhibited. Such may be
the case with monaural music, which presents almost
identical sounds to both ears.

Since stereo, on the other hand, delivers different
sounds to each ear, the auditory nerves send different

5

‘messages to the brain. As a result, more brain nerves

are stimulated.
chroeder emphasizes that this is still a theory,
based on only a few studies. But he disagrees with the
view that people have developed an “ear” for stereo
music onl since the development of high-fdelty stareo
equipment. “Have people enjoyed colour only since
{he ihvention of Golour television?” he asks. “Thero was
always colour in nature. It's the same with sound.
Noises — birds, the wind, thunder, even airplanes —
surrounded us with sound long before stereo was
invented."”
(From Science Digest 89, No. 5, 25 (June 1981))
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ACOUSTICS IN 1638

In these days of sophisticated equipment, it is a
chastening _experience to how the greats of
yesterday made fundamental discoveries of natural
Iaws with the simplest of apparatus. The Doyer reprint
of Lord me
Sound”, has o xconont nistorial miroduchon by

y (the editor of . In_discussing
Gailbo's contibsions 10 acovetica, Lindsay writes:

At the very end of the “First Day" of Galileo’s “Dis-
courses Concerning Two New Sciences”, first pub-
lished in 1638, the reader will find a remarkable
discussion of the vibrations of bodies. Beginning with
the well known observations on the isochronism of the
simple pendulum and the dependence of the frequency
of vibration on the length of the suspension, Galileo
goes on to describs the phenomenon of sympathetic
vibrations or resonance by which the vibrations of one
body can produce similar vibrations in another distant

. He reviews the common notions about the
rs!allon of the pitch of a vibrating string to its length
and then expresses the opinion that the physical mean-
ing of the relation is to be found in the number of
vibrations per unit time. He says he was led to this
point of view by an experiment in which he scraped a
brass plate with an iron chisel and found that when a
pure note of definite pitch was emtted the chisel cut
the plate in a number of fine lines. When the pitch was
high the linzs were close together, while when the pitch
was lower they were farther apart. Galileo was
actually able to tune two spinet strings with two of
these scraping tones; when the musical interval
between the string notes was judged by the ear to be
afifth, the number of lines produced in the correspond-
ing scrapings in the same total time interval bore
precisely the ratio 3:2. The presumption is that if the

octave had been tuned the ratio would have been
:1, etc.

It seems plain from a careful reading of Galileo's
writings that he had a clear understanding of the
dependence of the frequency of a stretched string on
the length, tension and density. There was, of course,
no question then of a dynamical discussion of the
actual motion of the string: the theory of mechanics
had not advanced far enough for that. But Galileo did
make an interesting comparison between the vibra-
ions of strings and pendulums in the endeavour to
understand the reason why sounds of certain frequen-
cies, i.e., those whose frequencies are in the ratio of
two small integers, appear to the ear to combine
pleasantly whereas others not possessing this property
sound discordant. He observed that a set of pendu-
lums of different lengths, set oscillating about
common axis and viewed in the original plane of their
equilibrium positions present to the eye a pleasing
pattern if the frequencies are simply commensurable,
whereas they form a complicated jumble otherwise
This is a kinematic observation of great ingenuity an
illustrat fondness of the great ltalian genius for
analogy in physical description.

Howard Pollard

PIANO AS FOURIER ANALYSER .
Find a piano. Hold down the damper pedal. Shout “hey"
into the_region of the strings ‘and” sounding board.
vowels. The piano strings
are picking up (m somewhat distorted form) and then
preserving the Fourier analysis of your voice. Notice
that the recognisable vowel sound persists for several
saconds.
Frank Crawford in “Waves”
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NEW PRODUCTS

CSR LAUNCHES NEW NOISE REDUCTION BAFFLES
Rockwool Insulation for a long time has been recognised
@ an offective. sound absorber for controling unwented
n been low ceiling office typa
s with controling “noise  pollution”” in
Iavge. high cailing factorics and buildings have. novor beon
rcome. Bradford Insulation, part of the Building
Materlals Division of GSR. Lid, now afiers a noiso reduction

solution which is not only acoustically efficient, but attrac-
e too.

Bradford _Insulation’s Sales Manager,
Rulus, Says, "Tho Brzdrom Flooriox Acoustc.Haille is-on
extension of the well known Bradford Rockwool and Fiber-

glass bat insulation. Its Boen spocially developed 10 provide
excallent sound absorption particulaly in the middls and high
froquency range whare. muCh NeBrG Gamage ocours. Erad:
ford Aceusllc Bailos aro suspended voricly irom tho caiing

walls.
of the baffes provides access 1o light
100f mounted services, whilo

At the samo.tima tho balfle arrangement hides unsigntly roof
suriaces and the clean, painted surface provides an atractive
textured finish at roof level. The baffles can be installed at
Various hoights and spacings 1o bulld up. fo-any desirable

 he vertlal hanging
imbing on
ermiting air o circulate,

“Fibertex baffles have been prover und reverberation
chambers, - following- the - Ausiallan ' Standard Mothod of
urerent, and are particularly effective In teducing noise
in canning and bottling fact machine shops,
plants as wall s in high noise buldings such @ enclosed
swimming pools, gymnasiu
rinks.” M. Rutis says,
balues directly to an aluminium U-channel fixed
v Individually suspenmng the baffles from the roof using
& hooks and galvanise
Further details of the Budluvd Fibertex Acoustic Baffle
n be obtained by contacting the CSR Bradford Insulation
office near you or Colin Forster, (02) 237 5683.

BUILDING ACOUSTICS ANALYZER

new microcomputer controlled serial analyser for the
automatic measurement and subsequent calculation of the
common _ quantities in’ building acoustics is
announced by Bruel & Kjaer.

The 4418 performs all_the jobs of its predecessor_(the
4417) and

e o
and crai standards). DIN, NF, NE, ‘and ONorm,
in contra: 0 9 IS0 calculations which the 4417 could
perform. Other capabilities of include the calcula-

iency (useful
for facade measurements) and an Auto Calibration facility.

The lightweight (7 kg : 16 Ib.) and battery operated 4418 is
primarily intended for the control of sound insulation in new
buildings but can also be used for noise control and for
investigations of building materials, auditoria and concert
halls,

When used with a minimum of accessories (i
phone and a sound source) the 4418 can be pro
measure and retain in mory data for 3 sound pressure
level spectra and 1 reverberation time spectrum.

used with a rotating microphone boom or an array of
microphones and a multiplexer, the 4418 can perform spatial
averaging automatically.

From the measured data and the entored values of the
room’s volume and the room's (or walls) surface area, the
4418 can calculate any or all of 90 important spectra in 20
ihird-aclave bands covering the frequency rai

"“The rosults can be presentod digitally on the 4418's
lquid crystal dispiay, graphically via a level recorder, printed
via an_alphanumeric printer or stored on a digial cassette
recorder.

Vol. 10 No. 2—84.
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NEW PRODUCTS

LEQ-METER TYPE 2221/22
Two new Integrating Sound Level Meters are presented by
Bruel & Kiaer, Denmaric Inmovalive use of modern slectronic
design has_made it possible 1o package a precision typ:
integrating Sound Ley
ides measuring Lu
they also feature “siow” (2222) or “fast” (2221) max. hold
faglliies s well as ma. peak readings.
B dynamic range properties within each of the
ogsuring 1anges anoure I a1 g peak lovels g
accurately measured. Digital toad-out and a mimmum of
conirel nobe make the miers axiremaly eeay to s,
isplay also indicates ns of overload,
under range. battery and & of linear welghings
ters are squipped with a high-
senguiviy plenolamed condenser microphon

NEW JOURNAL A new quarterly publication has been
announced: Journal of Low Frequ: Noise and
Vibration, which will feature fundamental research
papers, case_studies, preliminary and _experimental
resuls and leters, Editor: Dr. . G. Loventhall, Uriver-
sity of London. Pubis ulti-Science Puhllshlng
New Broad St. London EC2M
Annual Subscription £40. Sample copies avanable on
reque:

|| pracrson mTiGRATING S0 Lt MeTin

msnmu. COMFORT METER TYPE 1212

spend more than 90% of our lives In artificial
Ihormal anviorments, and o1 cotras. wo.shoas Tie o b
comfortable. The new Thermal Comfort Meter Type 1212 from
Bruel & Kjaer is a unique measuring instrument which takes

ccount of the fact that our respons thermal charac-
teristics of the surroundings depends not just on air tempera.
lure, but also on five olher quanliles. These are: radiant
temperature, air velocity, humidity, U al_insulation

e
provided by clothing, ard the riaborc. ratg (which is a
hysical activty), The insirument function
ntsgraning. e Influence i ine the

parameters (air_and TMean radiant temperature, i velocity
using a compact transducer which contains a heat source

Bulletin Aust. Acoust. Soc.

THERMAL COMFORT METER
Trpe 1212

and behaves thermally like a human being. When clothing,
activiy and vapour pressure valuss ars dialled into the 1212,

thermal-sensation scale) or Pre-
dicted Percentage o( Dissatisfied. Both these thermal indices
ate employed in Dralt Intemational Standard ISO/DIS 7730,
The Trcrmael. Comiort Meter Type. 1213 cam also.bo o

to display Operative Temperature, Comfort Tempevaiuvu
Equivalent Temperature and Difference Temperature.

is battery_oporated, and
optional accessories include a mains power supply and
single-channel and two-channel graphic recorders.
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BOOK REVIEW

STANDARDS

Physik der Geige
(Physics of the Violin)
by Lothar Cremer.

Published by S. Hirzel Verlag, Stuttgart, 1961, in German.
Reviewed by Robert W. Harrls.
Assistance with translation by P. G. Holland.

by Professor Gromer shows again the
n"and complete approach which ono expects
ffom German authors. The, book 15 dwided into, hree. main
sections — the string; the instrument case; and the radiation

The trestmant of the siring stars off by ropresenting it as
a simple single-degree of freedom discrete system and

Sovarirs e aad or s thin tring which is sxclted oh
point. The forms of the s 0 the resulting wave squa-
fon e then used to-obrain expressions for'the transverse

forces on the bridge of the violin, and t ory. further
extended to Include simple dampino. There o onty & vory
shor r

string muuon “and i s s
ore_on this aspect an

inger. Experimental and theorelical work onthe_free
jon of a struck re then considered, which is

used as s starting point 10 dovelop normal mode theo

he represental motion erposition

Tmal modos. The effoct of  stalic doflection associalod
with the constant fiction of the bow s then considered,
uted viscous friction is introduced and the effects of
Bow pressure aro discussed leading 1o a crtorlon of mimmum
bow pressure

The logical development of the subject continues by dis-
cussing constraints, due to boundaries wilh partcular refer.

an impedance approach. A
t a simple Tine so the effects of torsion on an
actual string ve!uvhng irom bow fction Is considored, includ-
ing the effects of inten excita

Y tion on The uss.of analog computers 1o
s(udy i vbration of (ho SHTings;  descrpioh on he uss o1
ipulse response; and 3 description on the reatment of

the stri ng as an Integral rather than a differenti
e analysis of the body starts off by considering me
vibratlon o the bridge. The vipration patlorns. have _been
investigated using holographic_techniques. The coupl
the bridgs to the viclin body ls developed using |
representod 2 a sysiem with
a few degrees of Troedanr Tha” scavsticel proparies "are
ibed in_ torms of Helmholiz resonators. The  coupled
Vibration of ‘covr and then_incorporated into_the
Tmodal and actual moasurements ara presentad. The smplo
overal degrees of freedom model is then extended to
as flat plates capablo of flexure
and then the iraalment is extended o allow for o o in

N
H
<
H
2
2
H
32

e violin, including the
i c ase, some
experimental observations of the vibration modes of the cover

d the base using holographic techniques are presented.

The radiation of sound from the s first analysod for
the case when the dimensions of the Source are small com-
ngth of the sound, dipole

e roaleq. and i Is indleaied how

iading of the source by both the body
ol e Victla and the “Dlaver ars considsred using primariy
The situation is finally considered wh
he. 51 the_ sourco_are larde ‘compared wih 10
wavelengm of the sound which introdces the concept of a
tical”_frequency _(coincidence nally, a_short
discussion on he ellect of taom Stoustics Condiudes i
Comprehensive Work on ho physics.of the violin.

Vol. 10 No. 2—86

The Acoustics Standards Com ave been active
dutng 1581-88 and have recenty pubisved e 1loning new
rds:

AS2490. Acoustics — Method for laboralory measu
 airborno sound atienuation of cail-
Toes (wartoom memed).
Acoustics—Preferred frequencies for scous-
ical measurements (revision of AS 233).

AS 2533

Work is in progress In various stages on the following
standards:
1. Glossary of acoustic terms (revision of AS 1633 — to
be issued for public review shortly).

2. Pure tone audiometers for advanced audiological use.

3. Sound level meters (revision of AS 1259, Parts 1, 2
and 3 — to be published shortly)

4. Background noise levels for audiometer rooms.

5-11. Acoustics — Determination of sound power levels of

nolse_sources (fovision of AS 1217 into 7 parts

Part \—Guldelmus for the use of basic standards and
e proparation of noise tost codes (1ssued

for public comment as
Part 2—Prodilon meineds for broad bard: sourcos in
n, sooms (sued for public-com-

ngineering met ecial revorbera-
tion test raoms (to be issued for public com-
ment shortl
Part 5—Engineering methods for fres field condiions
over a_ reflecting plane (to be issued. for
public comment hort
eihods_ 1ot anschole and semi-
necholc. fooms issued for public
comment shortly).
Part 7—Survey method "t bo issued for publc com-
ment sh

Part 6—P

Note: The n revisions of AS 1217, Parts 1 to 7,

will Do based on Intornational Stangards 150 3740 16
3746, which have the same designation.

12,13, fsurde for the use of sound measuring equipment

Part Q—Euummem for frequency and time analysis of
sound signals (to be issued for public com-
ment st

Part 3—Equipment ‘for integration of sound !l jnals

(issued for public comment as

14,  Taperecorders for recording and leplaylng ncuus(!ul

in acoustical megauroment s (o

issued for public comment s

15. Pmssure cal\hrailon of m\cwphones by reciprocating

techniq

16. Aud\nmeiers (revision of AS Z43, Part 1, and AS 1591,
Part & — o be pubished shot.

17. Mechamcal cuupler for the ration of bone vibra-

edin hearing aids and audiometers (revision
of AS 1591.4).
18. Ins!mmgnlallun for Audiome
Wide band nnlrclnl ezr (revi

n of AS 1591,

art

19, Methods of measurement of itbome nalss emitted by
rotating electrical machinery 081).

2. Electro-acoustical characte S —
hearing matic gain control Crcuts.

21,22, Mothods of measuremont of slacro-acoustical eharac-
erstics’ of hearing aids, Hearlng aid cquipment not
entirely worn on ioner. Magnetio ield. strength
in sudlo- requoncy Intuchion 106ge. for hetring S8

23. ar ng “Conservation (known as SAA hearing conser-
Gode) (reviston of AS 1269) (issued for public

commenl of DR 82
24 Hearing protection devices (revision of AS 1270) (to be

v air duct sound attenustors (ssued
for public comment as DR 82107).
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26 Methods for assessing and predicting speech privacy
and_speech intelligibility (issued for public comment
as DR 81312).

27, Method of measurement of the reduction of airborne
sound by *he facades of building:

2. Nolse rating for acoustic environment revision of

1469) for public comment as DR 81247).

2. Bull ng smn znd construction against .alu:ra“ noise.
intrusion (revision of AS 2021).

30. easurement of airborne sound

n of AS 1191) (to be issued

for public l:ommenl { Shorty).

31 Ambient sou:

s for areas of occupancy within

buldings  (revision. of AS 2107) ¢ public
comment as DR 81128)

32, Noise assessment in residential areas (revision of
AS 1055) (to be issued for public comment shortly).

33 Methods for the measurement of road traffic noise
{asted for public commant a2 DR £2102).

34 Noise from mechanical equipment in buildings.

35 Recommended noise lovels emitied by vessels on
waterways in ports and harbours.

3. Method of measurement of airborne sound emitted by
lawn mowers and edge cutters.

a7, Method of measuroment of sound pressure levels for
stationary compre:

3. Moasurement of Sound power lovel of compressors
ang pneumati tools and machines.

3. Noise rating — classfication of pneumatio tools and

While in cases of a number of draft standards such as
Hearing Conservation (AS 1269) Hearing protection devices
(AS 1270), considerabe voluime of public comments has boen
receive ssociation at the public comment stage,
he-Tosponse for oinar standards at 'public comment stage

topics in Acoustics.
responsible for teaching Acoustics to student
tertiary levels are requested to bring to the attention of their
students the availability of these standards.

In this work of preparation of Australian Standards, con-
siderable assistance is being derived from the work of-ISO
Technical Commitiee 43, Acoustics and IEC Technical Com-
mitiee 28, Electro-acoustics.

Australia through the Standards Association of Australia,
participates in this work. In a number of cases_significant
Contribution 1o the. work of the above. 1SO and IEG. commit-
foes has boen mads by the members of the Association’s
Acoustics Commiltees.

Standards Association of Australia owes a depth
bers of the Australian Acoustical Society
olding various_positions_throug} ustralia_giving their
time and expertise in workin e various Acoustic Stan-
dards-Committees, responsible for publishing these standards.

Enquiriss and suggestions_relating to curent Australian
Standards and draft standards on which work i
as reported above, may, where necessar
the Director General, Standards Association of Australi
P.O. North' Sydney, N.SW. 2060. Comments on
drstt slandard: jssucd Irgm time 1o i Including DR 82052,
3, DR 82054, DR82107 and DR 8210 i’re
tion for

rds Technical Committee as
ans or changes to the above.
k of the various Acoustics Standards Technical
Committees is being supervised by the Acoustics Standards
Commitee, for which Dr. arden. Consulting Engineer,
has been the Ch: n from its inception.
R. NAGARAJAI
Engineer Secretary
Acoustics Standards Committee
Standards Association of Austrelia

fay 1982
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PUBLICATIONS by AUSTRALIANS

Continuing our isting of acoustical publications by Austra-
lian authors (some of whom have not et joined the Societyl),
we are indebted o Ann Quill of RANRL and

W for regular journal checks, and to Toni Benton of
TINSW for arranging the roforoncos for publication. We hop
10 reach 1982 by the next issue.

A. PAPERS

1980
Ultrasonic Speed, Compressibility and Structure
Factor of Liquid Cadmium and Indium.

Almond, D. P. (U.K.), and Blairs, S. (School of
Metallurgy, The University of N.S.

Journal of Clinical Thermodynamics, Dec., 1980,
12 (12), 1105-1114.

New Approaches to the Acoustic-Phonetic
g?}:nponenl of a Speech Recognition System.
Dept. of Eng. Phy&, Australian National University,
Canberra, Australi

Aust. Comput. Sci. & Commun. (Australia) 2 (1),
69-83, Jan., 1980.

On the Acoustic Emission Due to the Fracture of
Brittle Inclusions.
Rose, L. R. F.
Research L
Journal of Non-Destructive Evaluat:on, 1(3),
149-155, Sept., 1980.
Reducllon of Aerodynamlc Blade Noise in a
ry Lawn Mow:
Shepherd Lc., and Gibson, D. G.
Division of Mechanical Eng., CSIRO, Vic.,
Australia.
Noise Control Engineering, 14 (3), 110-118,
May/June, 1980.
1981
Spatial Impressions Due to Early Lateral
Reflections in Concert Halls: The Derivation of
a Physical Measure.
Barron, M. (U.K.), and Marshall, H (Schoc/ of
Architecture, Auckland, New Zeal
Journal of Sound and Vibration, 77 (2) 211-232,
July, 1981.
On the Hydrodynamic and Acoustic Wall Pressure
Fluctuations in Turbulent Pipe Flow Due to a
90° Mitred Bend.
Bul! M. (Dept. Mech. Eng Adelaide University,
) and Norton, M. (Div. Mech. Eng., CSIRO,

Jaulnal of Sound and Vibration, 76 (4), 561-586,
June, 1981.

Comparative Reliability of Warble Tone Thrnlwld:
Under Earphones and In Sound Fiel

Byrne, D., and Dillon, H.

NAL, Sydney.

Aust. Journal Audiology, 3 (1), 12-14, May, 1981
MD-Generated Noise Produced by Turbulent
P i in the Ne:

the Ocean Surface.

Cato, D. H.

RAN Res. Lab., Darlinghurst, Australia.
Journal of the Acoustical Society of America,
70 (6), 1783-1784, 1981.
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Solitary Waves in the Lower Atmosphere.

Christie, D. R., Muirhead, K.J., and Clarke, R. H.
inst. of Advaned Studies, AN.U., Ganborra,
Australia.

Nature (GB) 293 (5827), 46-49, Sept., 1981.

Four PB Word Lists for Australian English.

Clark, J. E.

School of English and Linguistics, Macquarie
University, N.S.W.

Aust. Journal Audiology, 3 (1), 21-31, May, 1981.
Transient Vibrations of Elastic Panels

Due to the Impact of Shock Waves.

Coleby, .., and Mazumdar,

Dept. Applied Mathematics, University of Adelaide,

Jollmal of Sound and Vibration, 77 (4), 481-494,
Aug., 1981.

The Rela(lve Variance of the Transmission
Flmcllun ol a Reverberation Room.

DIVISIun o! Building Research, CSIRO,

Some Notes on the Clavichord.

Thwaites, S., and Fletcher, N. H.

Dept. Physics, University of New England, N.S.W.
Journal of Acoustical Society of America, 69 (5),
1476-1481, May, 1981

The Physics of the Singing Voice.
Measurements on the Voices and Vocal Apparatus
of Trained Singers, and Their Interpretation.
Troup, G. J.

Phys. Dept., Monash University, Vi

Phys. Rep. (Netherlands), 74 (5), o401,

Aug., 1981.

A Three-Dimensional Geomerical Noise Model
for T-amc Noise Simulatio

Depl. o Mech. Eng., University of Newcastle,
N.S.W.
Journal Acout. Soc. Jpn. (E), 2 (1), 1-4, Jan., 1981.

Journal oi Sound and Vibration, 77 (4), 455-479,

Flankmg Pa(h Identification in Buildings.
Epstein, D., and Fricke,

Dept. Arch. Science, Sydney University.
Acoustic Letters, 4 (12), 256-262, June, 1981.
The Economics of Industrial Noise Control
in Austr:
Gibson, D. C., and Norton, M. P.

CSIRO, Division of Mech. Eng.

Noise Control Engineering, 3 (125 135), 1981.
Survey of the Perceived Needs ol Hearing —
Impaired Adults in Queenslany

Hyde, M., Pattison, E., and Ser: .

Centre for Human Developmenl Studles,

Mt. Gravatt CAE, Qld.

Aust. Journal of Audiology, 3 (1), 5-10, May, 1981.
Factors Affecting the Detection of

Hearing Impairment in Children.

Milhinch, J. C.

301 Broadway, Reservoir,

Aust. Journal Audiology, 3 (1 ), 16-20, May, 1981.
Acoustic Reﬂel:llon from Estuarine Pycnoclines.
Penrose, J. D., and Beer, T.

Dept. of Phys., W. A Inst. of Tech., Bentley,-W.A.
Estuarme Coast and Shelf Sci., 12 (3), 237-249,

Prlmary Auditory Neurons—Non Llnear Rasvonses
Altered without Changes in snarp Tuni
Robertson, D., and Johnstone,

Dept. Physiology, University of

Journal of Acoustical Society al Amenca, 64 (4),
1096-1098, April, 1981.

Transmission and Reflection of nghel Order
Acoustic Modes in a Mitred Duct

Shepherd, I., and Cabelli, A.

Division Mech. Eng., CS/HO Melbourne.

Journal of Sound and Vibration, 77 (4), 495-511,
Aug 981.

um Tuning and Damping of a Dynamic
ation Absorber Applied to a Force Excited
and Damped Primary System.

Thompson, A.

Dept. Mech. Eng., University of Adelaide, S.A.
Journal of Sound and Vibration, 77 (3), 403-415,
Aug., 1981
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B. REPORTS
1980
toa Q Analytical
of Low Frequency Sound
in Seawatel

.
Whelan, D. J., Materials Research Labs.,
Ascot Vale.
Rept. No.: MRL-R-791, Sep., 1980.
A Review of Some Physical and Chemical Factors
Affecting the Attenuation of Low Frequency Sound
in Seawater.
Whelan, D. J., Materials Research Labs.
Ascot Val
Rept. No.: S MAL-R782, July, 1980

Seawater: The Role of Magnaslum sulphale
Whelan, D.J., Materials Research Labs.,
Ascot Vale.

Rept. No.: MRL-R-777, Jun., 1980.

Noise in the Textile Industry.

Piate, D. E. A., CSIRO, Belmont, Vic.

Noise in the Text. Ind., Publ. by CSIRO Div. of
Text Ind., Belmont, vie. 1980, pp. 21-28.

The Deep Ocean Sound Channel in

Areas Around Australia.

Whelan, D. J., Materials Research Labs.,
Ascot Vale.

Hepl No.: MRL-R-791, Sep., 1980.

1981
Maximum Entropy Estimates of the Wavenumber
Power Spectrum of Acoustic Data from a
Linear Array of Equispaced Sensors.
Gray, D. A., Weapons Systems Research Lab.,
Adelaide.
Rept. No WSRL-0196-TR, Feb., 1981.
Proposed Acoustic Emission Location System
for a Full-Scale Fatigue Test.
Scott, I. G., Areonautical Research Labs.,
Melbourne.
Rept. Na ARL/MAT-TM-378, Apr., 1981.
NDI of Composite Malena s.
Scott, I. G., and Scal C M Aeronautical
Research Labs Melb
Rept. No.: ARL/MAT- TM/379 Jul., 1981.
Resonance Tests on a Piper PA-32R Tailplane
Before and After Damage.
Goldman, A., and Qumn B Aeronautical
Research Labs Melboul
Rept. No.: ARLISTRUC-TM-328, Apr., 1981.
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FUTURE EVENTS

AUSTRALIA

1982
August 18, SYDNEY
N.S.W. Division A.G.M.
Panel Discussion: AAS. — Pro-
fessional Eady or Learned Society

p.m. U. of ington.
August zn-zs, MELBOURNE
17th Annual Conference of the Aus-
tralian Psychological Society

Details: Dr. Jean Russell, Psy-
chorcgy Dept., Melbourne  State
College, 757 Swanston ~ Street,

CAl RLTON Vie. 3053.
August 23-27, MELBOURNE
11th Australian Road Research
Board  Conference
: Ms. Margaret Holdswann

Friday evening: Public Address.
Saturday morning: Workshop, visit
to Tempe Public School. Saturday

afternoon:  Australian  Acoustical
Society A.G.M.

1983

February 24-25,

SOUTH AUSTRALIA

AAS. Annual Conference

“Economics of Noise Control”
Weinthal Conference Centre,
TANUNDA

Members intending to attend should
oty Dr. P. B Swit, Pryco Goodale
and Duncan Piy. L
Foad, Kont Town, S

July

65 Fullarton
5067.

ordinator, Aust, Road Rosearch
oard, 500 Burwood Highway,
VERMONT, Vic. 3133.
August 3i-September 2, PERTH
Seminar ‘on “Condition Monitoring
in_Industry” — West Australian
Institute of Technology
Days 1 and 2: Thermography, Ultra-
Analysis,  Electrical
Monitoring,  Strain-
Gauging, Vibration Condition Moni-
toring and Performance Monitoring.
Day 3: Continuous Workshop
Demonstrations; Management Ses-
sion emphasising Planning, Control,

Conference

Details: The Conference Manager,

The Institution of Engineers, Aus-

tralia, 11 National Circuit, BARTON,
. 2600.

INTERNATIONAL
1982
August 16-18,
KTH, STOCKHOLM, SWEDEN
Acousm:al Society oi Scandinavia
Defa//s: Acoust. Soc. of Sweden,

Dept. of Speech Communication,
KTH, §-100 44 Stockholm 70.

Management and  Cost/Benefit
Analyais,

For Iumner write to:
Mr. Bevan Bessen, Wait-Aid Ltd.,

Kent Street, SOUTH BENTLEY, W.A,

2.

September 15, ADELAIDE
Technical meeting, S.A. Division
“A Caused Solution to Extraneous
Noises in Telephonists’ Head Sets”.
Mr. A. Driscoll.

Seplembar 26-October 2,
SYDNEY

Deacness Awareness Week—A.A.S.

Semember 30-October 1,

Transpon
Conference.
Details: Mr. B. E. Jacka, Executive
Officer, Australian Academy of
Technological = Sciences, ~ Clunies
oss House, 191 Royal Parade,
PARKVILLE, Vic. 3052.

November 17, ADELAIDE
Technical meeting, N.S.W. Division
“Inservice Vehicle Noise Regula-
tions”.
December 10-11, SYDNEY

visiol

and Communications

Pu c Forum — Aircraft Noise
Bulletin Aust. Acoust. Soc.

13,
Western Pacific Acoustical
Conference

Australian Acoustical Socle'y and
the Acoustical Soclety of Japal
Details: \S/WPRAC Sub-
Committee, c/o N.A.L, 5 Hickson
Road,” MILLERS POINT, " N.SW.

Septemb:r 9-10,
EDINBURGH, U.K.
Auditorium Acoustics
Details: Institute of Acoustics, Mrs.
C. Mackenzie, Secretary, 25 Cham-
bers St., Edinburgh EHT 1HU, U.K.
Saplember 14-17,
OTTINGEN, GERMANY

sm FASE Congress, jointly with
DAGA 82
The Congress will cover: Speech
research, Room and Building acou-
stics, Acoustic _streaming, Non-
linear acoustics, Physical Acoustics.
The DAGA '82 will cover: Electro-
acoustics, Psychological Acoustics,
Measuring technics, Noise. etc.
Secretariat: Prof. M. R. Schroeder,

. Physikalisches  Institut, Bur-
gerstr. 42, D-3400 Gottingen.

sap|ember 20-22,
KRAKOW, POLAND

Noise Control 8:
Conference lhame is Practice of
Noise Contr
Dotails: The Organ/smg Committee,
Noise Control 82, Institute of
Mechanics and Vibfoacoustics, Al
Mickiewicza 30, pew. B-2, 1p., 30-
059 Krakow, Polar
October 4-8, STRBSKE PLESO,
CZECHOSLDVAKIA
21st  Acoustical Conference on
Noise and Environment
Secretariat: House of Technology,
Ing. L. Goralikova, Skultetyho ul.,
88190 Bratislava, Czechosiovakia.
October
CAPE TOWN SOUTH AFRICA
International ' Symposium,  South
African Acoustics Institute

e: “Acoustics and the Quality

: Noise pollution, Architec-
tural, Music, The alleviation of hear-
ing impairment and communication
barriers, Ultrasound in medicine,
Current reseﬂyc

Details: Prof. C. J. du Toit, Faculty
of Medmme University of Stellen-
basch, P.0. Box 63, TYGERBERG
7505, South Africa.

October 18-22,

TORONTO, CANADA

Annual Symposium of the Canadian

Acoust. Association with internat,
seminar on various aspects of
vibration.

Secret.: J. Manuel, 5007-44 Charles
Str W. Toronto, Ont., Canada, MY4

November 812,

FLORIDA, U.S.A.

Mesting of the” Acoustical Society
of Am

Chairman: Joseph E. Blue, Naval
Research Laboratory, P.O. Box
8337, Orlando, Florida 32856.
December 14-17, SINGAPORE
First_International Conference on
Industrial Pollution and Control.
Topics: Air_pollution and control,
water_pollution, noise pollution, in-
dustrial health, industrial waste and
treatment system.

Details: The conl‘erence Secretary,
Dr. Raymond B. W. He enior
Coctirer Bopt. of Meahasical and
Production _Engineering, National
Universily of Singapore, Singapore

1983

May 9-13, CINCINNATI, U.S.A.

Meeting of the Acoustical Society

of America.

Chairman: _Horst _Hehmann, 119

Glenmary, Cincinnati, OH 45220,
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Introducing the SD375. The two-channel analyzer
that’s easy to operate . . . and easy to buy.

The SD375 isn't the first two-channel
signal processor on the market. Just the
smartest. And the most versatile and
easiest 10 set up and operate. And, above
all, more feawres and capabilities per
dollar — $19,600 base US. price — than
any other two-channel analyzer on the
market

It tells you everything you want to
know about signals and their cross prop.
eties ... instantly-Full annotation is the
key. The SD375 shows clearly every
parameter and scaling factor of the test ..
where the test is at every moment ..
(after the test) instantly readable results. No guesswork, no
mysterious codes, no tricky conversions to be made.

Results are what you need, and fully processed results are
what you get on a crystal-clear raster scan display. Readouts are
available either in absolute values or calibrated and displayed
directly in full engineering units — e.g. mils, s, mechanical
impedance, dynamic stiffness (or even furlongs per fortnight,
if that's what you want).

The $D375's display conforms to the way you're used to

ViPAC

seeing graphed information; you don't
have t0 learn new ways of reading and
interpreting a CRT o get the test results
you need ... immediately.

Plug-in options such as digital zoom
and IEEE 488/RS-232 digital 1/O add to
the ease of using the new SD375. The
digital 1/O option permits directconnec
tion to a variety of both TEK and H-P
digital plotters . . . today’s most widely
owned, esablished display-peripherals.
The same digital 1/O plug-in also pro-
vides unusually broad capabilities for

remote control and sensing and com-
puter processing of analytical data

1Fyou have two signals and have to know ... fast. . what's
in them and how they interrelate, find out about the new
SD375. Call Roger Koch at (714) 2687129 Or write to us.

Scientific-Atlanta
Spectral Dynamics

PO. Box 671 + San Diego, CA 92112

Inlkrumamlﬂon Engineers
Head Offi

30-32 clmmnm Street, South Yarra, Vic. 3141. Phone: 240 8471, 240 8731. Telex: AA32111

Branch

117 Majors Bay Road, Concord, N.S.W. 2137. Phone: 736 3011, Telex: AR20363
8 Milner Street, Hindmarsh, S.A. 5007. Phone: 46 5991. Telex: AAB8419
5 Hawksburn Road, Rivervale, W.A 6103. Phone: 361 7311. Telex: AA93065



June 20-25, TURIN, ITALY
Congress of the International Com-
el Biological Effects of

Noise.
Secretariat: TNO Research Mslrlule
for  Environmental Hygiene, P.O.
Box 214, 2600 AE Delft. Sacremry
ir. Jan van den Eijk.

July 13-15, EDINBURGH
Internoise 83.

Secretariat: Institute of Acoustics,
25 chambers Street, Edinburgh

July 19 27 IPARIS FRANCE
nter

national Congress
on Acoustics

Satelite Symposia:

July 1243, MARSEILLE, Activa

Sound Absorption and Acoustic
Feedback Control.

July 15-16, LYON, Acoustic Radia-
tions from' Vibrating Structuras.
July 15-16, TOULOUSE, Oral Com-
munication.

Details: Secretariat SOCFI, 7 rue
Michel-Ange, F.75016 PARIS.

July 29-August 1,

STOCKHOLM, SWEDEN

Music Acoustics Conference.
Principal themes of the conference
will be acoustics of stringed instru-
ments and singing.

Details: Stockholm Music Acoustic
Conference 1983, Clo Dept. of
Speech Communication KTH, S-100
24 Stocknoim 70,

August 1-6,

UTRECHT, NETHERLANDS

10th International Congress on
Phonetic Sciences.

Contact: _Organizing Secrotariat,
Clo QLT Convention _Services,
Keizeasgracht 792 1017, EC Amster-

jam.
August 1-6, TOKYO, JAPAN

4th World Congress of Phoneticians.
Contact: _ Secretariat,  Phonetic
Society of Japan, 1213, Daita-2,
Setegaya, Tokyo-55.
September 4-7, LONDON
4th  Conference of tha
Society of Audiology.
Details: above society, M. C. Martin,
The Secratary, 105 Gower Street,
London WCTE

September, FARIS

British

1984

May 7-11, NORFOLK, VIRGINIA
Meeting of the Acoustical Society
of America.

Chairman: Harvey H. Hubbard,
Acoustics and Noise Reduction Div.,
NASA Langley Research Center,
Langley Station, Mail Stop 462,
Hampton, Virginia 23665.

August 21-24,

SANDEFJORD, NORWAY

FASE 84 — 4th Congress of the
Federation of Acoustcal Socities
of

Topic: Solving todays noise prob-
lems — technological and political
aspects; Planning with respect to
environmental noise; Acoustics in
Condtion Diagnosis,

ongress.
nta ermion. 6 Piacedo
Valois, F 75001 Paris.
October, HIGH TATRA,
CZECHOSLOVAKIA
22nd Acoustical Conference _on
Eloctroacousics and Signal Pro-
cessin:
Plellmmary Information: Acoustical
Commission of Czechosl. Academy
of Science, Secr. Dr. I. Januska,
Provaznicka 8, 11000 Prague 1. -
November 7-11, SAN DIEGO
Meeting of the Acoustical Society of
America.
Chairman: Robert S. Gales, Code
5152, Naval Ocean Systems Centre,
San Diego, California 92152.

Secr. Gen. J.
Tro, ELAB, N-; 71134 Tmndherm -NTH.

October 8-12, MINNEAPOLIS
Meeting of the Acoustical Society of
America. )
Chairman: W. Dixon Ward, Hearing
Research Laboratory, University of
Minnesota, 2630 University Ave.,
S.E. Minneapolis, Minnesota 55414.
December, HONOLULU, U.S.A.
Internoise 84.

1986

TORONTO, CANADA

12th ICA Congress (International
Commission on Acoustics).

PEAL

NOISE
CONTROL
EQUIPMIENT

* A COMPREHENSIVE RANGE OF NOISE CONTROL EQUIPMENT SUITED
TO ALL INDUSTRIES AND SITUATIONS

* TECHNICAL BACK-UP AND FIELD EVALUATION
* CUSTOM ENGINEERED AND STANDARD PRODUCTS
* OUR OWN WORKSHOP AND SITE INSTALLATION PERSONNEL

W quielly going aloulowr business”

PERKE S50
S==——=== EQUIPMENT
PEACE ENGINEERING PTY. LTD.

P.0. BOX 16, REVESBY, N.S.W AUSTRALIA 2212. Tel. (02) 772 4857:8
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INFORMATION FOR CONTRIBUTORS
Items for publication in the Bulletin may be of two
types:

(a) shorter articles which will appear as News or as
a Technical Note,

(b) longer articles which will be treated as refereed
technical papers.

Forthcoming closing dates for the receipt of these
articles are as follows:

Vol. 10 No. 3—Longer articles: Aug. 27
Shorter articles: Oct. 15

Vol. 11 No. I—Longer articles: Jan. 14
Shorter articles: Jan. 31

Contributions may be sent directly to the Chief
Editor or to the editor responsible for the particular
subject area.

Longer articles should include a title, author's name,
address and organisation (if applicable), and be
accompanied by an abstract of approximately 200

rds.

The body of the text should be divided into numbered
sections and preferably contain frequent subheadings,
which greatly assist the reader in following the develop-
ment of the paper. Any standard system of referencing
is acceptable. Equations, tables and figures should be
numbered sequentially. A list of captions for figures
should be supplied on a separate sheet. It is recom-
mended that captions give a complete explanation for
each figure thus obviating the need to refer to the text
for identifying details.

Drawings and photographs may be prepared to any
convenient size and will be reduced proportionally by
the printer to column or page width. Authors are
requesled to plan the proportions of diagrams accord-
Original drawings should be supplied complete
iy ‘lettering with due allowance for the amount of
reduction required.

Reprints of papers may be ordered at cost prior to
publication by request to the Chief Editor

Advertising information may be obtained from Mrs.
Valerie Bray (02) 498 6608.
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MEMBER: SIDDONS INDUSTRIES LIMITED GROUP

F—\ MANUFACTURER OF ROCKWOOL INSULATION
EXCESSIVE NOISE ON THE SHOP FLOOR?

smnous 1.S.A. SYSTEM

is specifically designed to reduce noise levels within industrial buildings.

Contact Head Office for Information
SIDDONS INSULATION HEAD OFFICE & FACTORY:
Research Road, Pooraka. S.A. 5095. Phone (08) 262 6611.
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