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1. Introduction.

h1931, inanurlyexampleofageneralreviewanicleonnoiseandhsmcasrtranenLDr

G.W.C. Kaye, who was at that time in charge ofthe Physics Deparunent It the National

Physical Laboratory (NPL), wrote in the journal “Nature”,

" It was WKeMn who said that once wefind out how to measure a Wigwe begin to

learn sometime about it. As regards mix, however, it is evident that the question of”:

meannenient is one ofsome complexion involving not onlyphysics, but aLsoplursiology

andpsychology. Newrtheless it is clearly desirable that there should beaW

'1'. . ..' .irI.-_' I I '1 1’1! I 1 it 1-1! H. m I I' t

absolute character, so as to assist, intendia: (a) in translating vague auraljudgements

andmnpxrrim intofacts andfigures; (b) in elucidating the causes anddwtefistics

o/mises: (c) in ounparing die results ofaifi'erent investigmars: and (:0 in setting up such

arbitrary standards ofnoise as may be desired in the light afsacial technical or legal

requiremenm . ” [1].

Thus hunt the early days of serious scientific interest in noise, there was recognition ofthe

vital importance to the process of noise control of standardisation - of measuring
instmmts, measurement methods, of noise criteria. For more than 70 years, NPL has

contributed to national and intemafional standardisation in the field of acoustics, and
throughthispmcessNPLhasinmy view connibutedtoaquieterworld,butinanironic

way,theworkhasitselfgoneonquietlyhrthehackgmund. Itthereforeseemed appropriate,

in view of the theme of Internoise 97, to review, ti'om my personal perspective, the
eonmbution Which NPL has made. The review is in two pans. The first covers the time
fiomtheorig'naofworkonnoise inthezo‘stotheheginningofthe 1970's, when] started
work at NFL, and the second the period since the 70‘s. The main emphasis will be on
specification standards, but reference will be made to key aspects of the work on
metrologica] standards, which of course, through the realisation of the basic standard of

sound pressure, underpins all acoustical meamrements. The papa will not deal with the
processes of standards development, comprehensively described by Robinson [2].

 

2. Definitely before my time - from the origins 0!NFL to the Swlnging 60's.

2.! Origin.
Even before it oflicially existed, the embryonic National Physical Laboratory had strong
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links with the most finneus acoustician of his time, Lord Rayleigh. A committee formed in 1
1895 to consider the establishment of a national laboratory, reported to the 1896 meeting ‘
ofthe British Association for the Advancement of Science in Liverpool. The third Baron
Rayleigh, John W. Strutt, was one ofthe 14 members ofthis committee The committee
succeeded in convincing the Government of the day to set up an oficial “committee of
enquiry" underthe chairmanship ofLord Rayleigh The committee’s recommendations were
accepted in October 1898, and financial aid was voted by Parliament - £4000 for 5 years
as a grant in aid of the expenses of the Laboratory, and £12000 toward the erection of
salable An Executive Committee was formed in May 1899 with Lord Rayleigh
as Chairman. The first Director, Dr (later Sir ) Richard Glazebrook was appointed from
Hanuary 1900. Lord Rayleigh continued as Chairman oftheExewtive Committeeuntil
his deathin 1918, and islmowntohavetakenan activeinterestintheworkofthe
Laboratory, in particular as President ofthe Advisory Committee for Aeronautics, which
was formed in 1909 [3,4].

From its incqrtion to the present day, the Laboratory has published an Annual Report. in
the eady days these were handsome leather bound volumes. but have now become glossy
pape'backs Pausal ofthese early volumes provides many fascinating insights into various
aspeflsofthefimotioningofthelabomtory. Thusit is interestingto note, inthe teportfor
1908, theuseofthetermTomputei”. Closerinspectionrevealsthistorefertothe stafl‘
grade of a particular employee, a Mr W H Brookes, whose job was presumably to
undertake mathematical computations for the whole ofthe Physics Department.

2.2 Early reflection - the 1920's.
The first reference to work on acoustics comes in the Annual Report for 1925, when a
Sound Division was set up in the Physics Department. In these early days the emphasis
appears to have been on architectural acoustics, for example the application of sound-pulse
photography to the study ofwaves in a model auditorium. Also in 1925 these techniques
wa'eusedtoinvestigatethepossibleuseofhangarsto screen“an fiomthe sound
waves set up by the engines of stationary aeroplanes”. It is etymologically interesting to
notethattheword‘uoise"wasnotused. Intentional comets were strong eventhen, with
reference in the 1925 Annual Report to work on the acoustic properties ofthe Town Hall
in Melbourne, Australia.

At aroimd this time work began on the “absolute measurement ofsound intensity" and four
possible methods were investigated - a radiation pressure method, the Rayleigh disk
method, refiactometric measurements of density variations in air, and the vibrating
diaphragm method. This work continued through the decade, with efl‘orts mainly
concentrated on the Rayleigh disk method. In view of more recent developments to be
outlined indue course, it is interesting to note in the 1929 report, the summary ofwork on
low-fiequmcy calibration of ntia'ophones using an electrically driven pistonphone, A small
mirror, rotated by the motion ofthe pistonphone, gave an indication of piston amplitude.
Amplitude measurements, not necessarily reliable, were reported up to 1 kHz,

52 Proc.l.O.A. Vol 19 Pan 8 (1997)

  



  

‘ Proceedings of the Institute of Acoustics
STANDARDS FOR A QUIETER WORLD

The first specific reference to “the study of noise” occurs in the report for l928, but only
bywayofanaumpleofdteldnd ofsderrtifieworkwhichwas sufl‘eringbeeause ofthelack
ofa dedicated laboratory For detail of early work on noise one has to wait until
1929when martionismadeofthe first portable instrummt for measuring the “mean sound
pressure ofsrnmd in noises”. Martian is also made of“aural meamrements", which used
the "Bnr‘ldmrsar” principle. This involved using a telephone earpiece in which the level of
a refaence noise could be adjusted in 14 steps to match that of the noise under
investigation See Figure 1. The scale of loudness was said to have been calibrated in
absolutetnfitshywmecfingthetelephonewpieegviaanarfificialearunaLtoa
calibrated miaophone .The first practical measurements involved the noise ofaircrafi, and
we tmdeflalrm in close collaboration with the Royal Airmail Establishment (now Defence
Research Agatey) at Farnhorough. 1929 also saw the formation of the first ever
gownmanwmnnnummigawb-conuritteeofthemmcal Resmthommittee.

2.3 The 1930's.
Ayearafla'the vay first mention of“noise”, in the Annual Report for 1930. an extensive
series ofmeasurunents was made on both interior and exterior noise ofa range of aircrafi
M165 [5]-

Afier several years ofplanning and preparation, the new building for work on acoustics
finallyopmed in 1933. With considerable extension and modification the building remains
to this day, as the Rayleigh Building. The new building included a larger lagged chamber
than had bear previously available and the report for 1934 notes the use of this chamber to
extend the low fi'equcy limit for the “field calibration" of condenser microphones. The
first example is also recorded of an intercomparison of the absolute calibration of
microphones between NFL and the Post Ofiice Engineering Laboratory, with an average
difi‘erenee of0.5 dB, over the fi'equency range 80 Hz to 6 kHz, being noted.

Work on aportahlenoise nreastuinginstrumem, first referred to in 1929, resulted, in 1934,
in a forum ofour moden sound level meters, shown here in Figure 2. One application
was in an interesting series of tests conducted on the noisiness and “stridency” or
harshness. ofmotor horns. See Figure 3‘ This is the first time that the issue ofnoise with
strong tonal components appears to have been considered in the UK. The 1934 Annual
Report refers to this instrumem as an “amustimetei”, whilst the tenn “audiometei” is used
for the instmment involving subjective comparisons of noises. The acoustirneter was
arranged to g've“equal meter indications for equally loud notes, whatever the pile ” The
equal loudnms contours ofFletcher and Munson [6], formed the basis of this equalisation.
The indicator was designed to give a full indication of loudness in about 1/3 of a second
aflerthe application ofa steady noise , “so that it roughly simulates the ear in this respect”.
The meter was descn’bed by Davis who also gave an interesting and valuable review of
related work ofothers in the field at the time [7].
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One ofthe key applications ofthe awustimeter was in the study ofmotor vehicle noise in
connection with the delflaerafions of another early example of a Government committee. ‘
This was tie Ministry of Transport‘s areanely named “Departmental Committee on Noise 3
in the Opaation of Mechanically Propelled Vehicles". Figure 4 shows some early
measurements, on the NFL site, of the pass-by noise of a car.

ThelQflrwonaboeomaimthefirstdnectrefuencewtheBnflshSmdudsmsfimfion
(BSDhitheeonnettofareeaitlyproposedstandardprocedureformeasmingtheloudness
of sounds. In essence this standardised the “equivalent loudness" as the intensity of an
equally loud pure tone of1000 Hz, with the zero loudness being 0.0002 dynes per cm2 .

 

'IhehnportameofNPLworkonnoiseisindimtedbythepublicationin1937ofoneofthe
earliestreferenceteiosonthesubject, authored by AHDavis (8).

In 1938 the aeottstimeter, now known as the objective noise meter, having been the subject
offin‘therimpmvemmtsin performance, particularly in dealing with impulsive noises, was
desen‘hed in oonsidaable detail by Davis [9],

2.4 The 1940's.
The Second World War did not mean the cessation ofwork on acoustics at NPL. Among
thetopics listed inmons were - the problems ofreproducing the noise oftanks on sound
Elms ammd inmlation ofairerafl cabins and reduction of noise fi'om new-engine test cells.
Advicewm sought in 1944 in the preparation of plans for the new House ofCommons, to
replaeethat destroyedin 1941.

SoonafistheWu,workonmisemeasrrunanwasgreatlyassistedbytheunval ofanew
mobilelahontory-thefirstofitslcindhtthelm Thiswassaid tohavetravelledmorethan
mmmhsfiamtmomhsofopaadombeingemployedinmeasurernentsofthenoise
fiomjet-argine test cells and investigations ofnoise reductions in new post-war factories.

The l946re|nrtreoordsthehopethatwork would resume on firrtherimprovementstothe
Howeva'thisdid not materialise andtheNPL meterwasevennrally

overtaken by developments elsewhere on sound level meters. Sadly the NPL Musarrn
contains no remnants ofthis key work.

There were no major developments in work on basic acoustical standards, although the
fi'equency ranges for microphone calibratiom were extended by the introduction of the first
anechoic wedge room-linings at NFL, and the constnrction of a special ducted enclosure.

54 Proc.l.0.A. Vol 19 Part 8 (1997)

 



 

Proceedings of the Institute of Acoustics

STANDARDS FOR A QUIETER WORLD

2.5 The 1950's.
TheSUsbeganwiththestartoHyearsofamdorefl'ortbyRobinsonandothersonthere—

detaminacion ofthe equal loudness contours, extending the work ofFletcher and Munson

intheUSAand ofChureher and KingintheUK [10]. The contours were first published

fully in 1956 [11], and the Annual Report for 1957 notes provisional agreement by the

manly formed'l'eelmieal Committee 43 ofISO - itselfonly formed in 1953 - on the equal

loudness contains and onthe relation between the scales of loudness (sones) and loudness
levd (phons). Thelmanationalneeonnnendationwaspublishedin 1961 [12], and theNPL

wrkalsosuonglyinfiueneedthefonnoftheweightingwrvesinthefim everinternational

standards on sound level metm [13].

In response to growing demands for a standardised test of motor vehicle pass-by noise,

initial subjective experiments, using real vehicles on a main road in the south of England

waeeonduotedhy Robinson and others in 1959 [14]. These tests showed the superiority

of the A-weiglltins Soon alter, more extensive tests with controlled pass-bys and ajury

of listeners, established the necessary information on the relationship between subjective

ratings and the meter readings [15} The results efthis NFL work were incorporated

directly into ISO Recommendation R 362 [16].

The mid-50's also saw the beginning of studies on the measurement of noise from aircraft

in flight which were to have a strong influence on the development of standards for the

measurement and certification of aircratt noise in the following years. In 1954 Fleming

supervised alargesa-iesofmeamtentson4fixed-wingaircrafi and onehelieopter, using

tixedpositionsrelativeto take-ofi‘and landing. Theworkis ofpartimlarmterest asthese

woe some ofthe earliest tests to make use of weighting curves for sound level which had

been standardised by ANSI [l 7].

2.6 The 1960's.

In I962,withinpmfiomNPLlSOismedadraftpmeedmeforevaluatingthe noise around

an airport lion! measurunmts made only under the flight path, To test out this procedure,

measurements were made, in collaboration with Rolls Royce Ltd at their test site at

Huclmall, on a Meteor aircraft. These involved a grid of39 points over an area of 10

squaremiles Therhnflp’ocedurewas shownto givegnod agreementbetween predicted

and measured levels. In 1965, further measurements were made which involved the

combined resmireesofsevmlaborateries and a test area on4 square miles [18]. The ISO

Recommendation R507 was first published in 1966 [19].

As well as these examples of work on purely objective measurements, NFL retained an

interest in subjective response to aircratt noise. Some early examples of controlled

subjective tests 0mm timing the 1959 Famborough Air Show. These involved ajury

of listeners, 1600 in total, in groups of about 100, rating recorded airerafi noises and
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mimetic noises using the paired-comparison technique. The objective was to see whether
therdativerafinyofthenoiseswmlldbeinaooordsncewiththe recently developed‘fiioise
assessment scales” ofStevens [20] and BEN [21], the latter being the earty form ofthe
paedved noise level scale. Perceived noise level was found to perform slightly better than
Stevens phons [22]. In 1960 a similar experiment using 570 subjects was conducted at
NPL. but this time the sounds were recordings of helicopters. The conclusion fi’om this
experiment was that Zwicker phons were superior toPNL or Stevem phons The A-
weightedsormdlevdwasnotedtobeasgoodasStevensphonsinmnkingeitherioudness
or“disturhance”[23], In 1961 thefirstaqserinmusiogsemalaircmfiflyoverstookplacc
at that year‘s Famhorough Air Show [24]. Over 3 days, 60 subjects made judgemuits on
nfingseflesofnoisinessudinnusivenessseeliigure 5. Objecfivemeasurunentswere
madeindB(A)andPNdB.Amongstthehnerefiingmdtgitwasfoundthatwbjects
judged salmds heard indoors more severely than sounds ofthe same level heard outdoors
The difference was about 18 dB(A). Seefigureé. Thisdifi‘erencewas muchthe sameas

Itwas suggeued thatthis‘projection efl'ect”
was due to subjects making a subconsa‘ous allowance for the building sttemration. The
mhwasconfimted intests wriedout atthe 1964 Air show,using 148 subjeas [251‘ it
isinterestingtonotethstthesameefi'ecthassuhsequentlybeenfoundbyanumberaf
researchers [26].

hl963Robhwonwmpmedtherudmoftheahmfinoisemnswhhtheudierjudganem
testsonmotorvehides [27]. SeeFigure 7.Tltisresuh representsoneoftheearliestinputs
tothedelntewhidihasmed ever sinceconcerningtheneedfor“source oorrections”to
harmonisednoisescales.

’I‘heimponanoe ofthe role ofNPL was recognised in 1961 by the choice ofthe Laboratory
to host the very first major international conference on noise ever held in the UK [28]. 300
delegates fi'om world-wide spent 3 days attending 25 presentations and a number of
damnsaatimuofnoise analysis equipment and achibits illustratingthe principles ofnoise
control. The demonstrations included one ofthe earliest known applications. certainly in
theUK.ofsdiy'tal computer-theNPLACEmachine-tothecalculationofl’NdBand
loudneu by theZwickcr and Stevais muhods. The details ofthe calculation procedure for
theZwicker method. which used 30 seconds ofcomputer time per noise, were published
later [29).

The 1961 ooifuutoecoinddedwiththestartofdehhuatians ofthe Cmvernment committee
on the Problem ofNoise, known as the Wilson conunittee alter its Chairman, Sir Alan
Wilson, FRS‘ NPL stafi‘ made a substantial input to the committee and several of the
previously cited scientific papers were reprinted as appendices to the Report [30]. The
quit formed the bas‘s for mud: of the developments which which were to follow in UK
legislation on noise, and was regarded for many years as a vital reference text by
practitioners of all kinds.
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Also in thisvery productive period ofthe mid—60's, NPL stafi‘were involved in pioneering
studiesconcaningsonicbooms. atadmewhenoomanwasgrowingtbatthedevelopment
oprasonicpassargutransport would lead to exposure ofthegenenl populationtothis
mmsual form ofaircrafl noise. In addition to studies ofsubjective efi'ecta [31] , Robinson
devdoped avariant ofthe Stevmsloudness calorlation procedure [32]. NPL‘s work on the
tedmiques required for the acetone physical nreasrn‘ement of sonic bangs laid a profound
influence on the development of the relevant [SO Standard [33], but standardisation of
mediodsfinevalnationofsidzjectiveefi‘ectsdid not proceed. Withtbe disappearanwofthe
threat ofwidespread «pom, interest in the topic in the UK dwindled, and in fact ISO
fomtally withdrew ISO 2249 in 1995.

The 60‘s was also a productive time in the field ofoceupational noise. Although the first
sdremeafortheresealdraresaidtohaveappearedinthelate 50's,tbeoriginsofoneoftbe
moat enensive and influential studies ever undertaken of the relationship between
occupational noise exposure and hearing levels of industrial workers, can be seen in the
NFL Annual Report for 1962. The project was jointly nm by NFL and the UK Medical
ResearohCouncil. Andiometric field work beganinluly 1963 with the aid of a new mobile
audiometric laboratory [34] and continued for more than 5 years. A new mobile noise
measurement laboratory was used to obtain details of exposure in a range of‘factones
aaosstheUK 'l'hesndyinvolvedbothrurospective analysison 759mm mbjects and
a prospective study with serial audionretry on 493 wbjeets. Even before final complaion
of the work, an interim report which described how noise level and duration could be
combined into single measure termed noise immission, led to radical revisions of dratt

rcoonmmdatiorn on hearing conservation being considered by ISO [35, 36]. The study is
described in full in the book by Burns andRobinson [37].

Afler preliminary work at the end of the previous decade, the gradual move liorn the
reliance on the Rayleigh disc method for absolute calibration, towards the use of
reciprocity, gathered momentum. At the Baden-Baden meeting of[EC TC 29 in 1962,
Working Group 13 “Absolute calibration of microphones” was established to formulate an
international standard. NPL was involved, along with the national standards laboratories
ofsix countries, in an international intereomparison [38]. A dralt standard for cahbration
ofoneinch microphones by the reciprocity technique was developed, validated at NPL by
Delany [39], and evennrally published [40]. Work began on extension to half-inch
mia'ophones, and also on improvements to difli'aotion corrections required toderive li'ee-
field

3. Late reflections. from the 1970': onwards.
i started work at NFL on November 2 1970, and initially I worked on the development of
recommended maximum background noise levels for audiometry [41]. Soon after that I
switched my primary research interests to environmental noise. For this part ofmy review
I shall consider primarily work in which I have personally been involved, and describe
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devdopments da'onolog'eally within each subject area. Because oflimitations ofspace and ‘
o'me, tliisrwieweannot be all embracing, but the interested reader is referred to the index ‘
of NFL publications which has been produced regularly since 1960, and which can be
obtained from the author,

3.1 Harmonisation of noise ratings. ‘
MyarrivalatNPLeo-ineidedwiththerapidgrowthofintu-esthi thequestionofunification
or harmonisation of the wide range of noise indices then in use. Robinson had just
published an early paper on the topic which introduced the concept ofNoise Pollution
Levd [42]. I reviewed the different noise indices then used in the UK for traflic, aircraft
and industrial noise, and showed how, using L“ as an intermediate measure, one could
daiveralaitvalues”ofthe separate indices [43]. Overthenext fewyeam, N'PLand
other organisations and individuals contributed to the deliberations of the UK Noise

Advisory Council which hadbecome concerned at the multiplicity of noise immission
measures in use in the UK for planning and regulatory purposes [44} The need for a
referutcework on guta'al concepts, methods ofmeasurement, and prediction was met by

the “Leq guide” [45] which was compiled and edited by NFL stafl' and which had a
significant impact on developments within theUK in subsequent years. A few years later,
the qumnent ofthe Eavironmait (DOE) commiss'oned NFL to undertake a wideranging
reviewoftheuseoth intheUK [46], This review considered cturatt applications, recent
policy assesslnalts, international developments, subjective reaction to different noise

sources, the comparison ofLMl and other measures as predictors of subjective reaction, and

recent developments in measurements andprediction practices‘The work on subjective

reaction to difi‘erent sources was published for internoise 83 [47], The review also

highlighted the need for fitrther research on industrial and impulsive noise, and this resulted
in the studies described in the next section. The general move in the UK towards the use
oth-hased indioes continued with the change from the use ofNoise and Number Index
for dvfl airuafi noise [48], and the formulation ofnoise compensation memres for military

aircrafl noise in terms of LA,“ [49]. At the international level, a key event was the
. publication ofISO 1996 in 1981 [50].

The slow process towards eventual harmonisation still continues in the late 90's , with the

long awaited revision ofUK planning guidance [5]] which uses LA,II for all noise sources,

and with the recent publication ofa Green Paper from the European Conunission on Future
Noise Policy[52]. The Government of the Netherlands, through its Health Council, has

recently formed a new nnilti-national Committee of experts, on which NFL is represented,

to consider and report on a “Uniform noise exposure metric? The Committee has held a

plenary meeting and it is hoped that the report will appear soon afler Inta'noise 97.

58 Proc.l,O.A. Vol 19 Pan 8 (1997)



 

Proceedings of the Institute at Acoustics

STANDARDS FOR A QUIETER WORLD

3.2 Subjective and objective mmment of industrial noise, including tonal and

impulsive components.
At Intemoise 85, the first results were published of a series of experiments on the

dependence of annoyance on basic physical parameters of impulsive noise, such as decay

time and repetition rate [53]. In collaboration with the late Professor Zwioker, the results

were ro-analysed usingthenewly developed dig‘tal loudness meter [54]. The detailed report

on this work appeared in 1987 [55]. The but fit between objective and subjective data was

obtained using a descriptor developed in earlier NFL work on helicopter noise [56]. The

rqaort also proposed the use ofdescriptors of impulsiveness based on vay short-term I.“

time-series. NPL then became involved in collaborative studies funded by the EC. These

involved arbjectivetests in hboratories in the UK, Italy and the Netherlands, and objective

analyses at NFL and the University of Dusseldorf. This led to the development of the

“Increment “ descriptor [57]. See Figure 8‘ '

With the aim of refining current standard methods for rating industrial noise, work began

in 1990 on a 3 year projetn limded by the UK DoE. A review of related practices in 20

ooimtries was undertaken [58]. Also an extensive programme of subjective listening tests

was conducted on the iudaed annoyance of specific types of industrial noise, including
oornbrnauom oftonal and impulsive noise [59]. Follow-up work has concentrated on the
issue of tonality [60]. The work has led to the development of a fundamentally new
approach to noise assessment based on the acoustic features present in the noise
environment [61].

At the level of national standards, NFL has lead the Committee of the BSI revising the
1967 edition ofBritish Standard 4142 to make use ofL”, and producing the 1990 edition
[62]. Further revisions lave recently resulted in a 1997 edition. Contributions have also
been madeto the work ofthe ISO Working Group 45 in revising the impulse corrections
in ISO 1996 Part 2. The Working Group is now continuing with the bigger task ofa
complete revision ofISO 1996, The first meeting was held at Internoise 96.

3.3 Aim-alt noise. _
When the original schemes for noise certification of aircrat‘. were introduced in 1967, the
requhemonmsformsmunaflswithandcmphoncheiglnofllmabow ground surface
level. Such measurements are of course subject to the efl'ects of cancellation and

augmentation due to interference between the incident and ground-reflected waves,
resulting in distortion ofthe true flee—field spectrum An extensive series ofexperimental
and theoretical investigations by NFL showed the benefit of using a ground—plane
nicmphone arrangeinert. The arrangement has now been included in the standards for the ‘
certification of light propeller aircrafit[63,64]. ‘

NPL hosted the inaugural meeting of [SO TC43 Working Group 43 in May 1994 , and is ‘
actively contributing to its work on the revision ofISO 3891 [65].
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In late l979NPqu'oaskedhytheUKMinisfl'yofDefenoetodevelopamathematical

model ibrthe prediction ofnoise around military airfield; The resulting model AIRNOISE
wssccmpleted in 1981, and has sincebeuiused actensively in the determination ofhousing
zones eligible for compensation [661 In 1990 attention turned to the problems oflow-

altitude flying. A' controlled field trial was conducted on 6 types of militaryjet aircratt

flownmigldandlevdatha'ghtsbetween lOOand 250 feet, stvarious speedsand engine
power settings, The results ofthe work had a direct influence on standards ofa difi'erent i
kind, namely the rules governing the allowable altitude and speeds in the UK low-flying

system (67]. A prediction model - FLYBY- was developed, and found to give accurate

estimates of the time-history of the noise of lowflying airman [68]. An important

parameter governing the subjective response to such noise is the rate of change of noise
level at the beginning of the event. or onset-rate. ’Ihe prob] ofthe lack ofa startde
forthc musuremm ofthe onset-rate was addressed in 1995 [69].

 

3.4 Developments in acoustical standards.
In 1977 details were published ofa new laser-pistonphme, developed at NFL by Rennie,

in ordu'to award the lower fiequency limit for absolute calibration [70]. The device was

fintherrefinedbyBarhamin 1998 [71],tlmsoomplaingtheprocess started in 1929. During
the 1980's, most efi‘ort was applied to the extension of the standard for reciprocity
calibration to half-inch microphones, and a major comparison of national standards of
sound pressure wasundertaken [72]. More recently [EC have reviewed [EC 327 and
brousln it up to datein a new series of Standards, [EC 1094 - Measurement microphones.
These include a primary method for flee-field calibrations [73].

With the growing interim in techniques ofsound intensity measurement, the ned arose for
a standard specifying minimum requirements for instruments. NFL contributed to the
development oflEC 1043 and developed a service for periodic verification [74]. NFL has
also taken thehding role in development ofa new British Standard for the verification of
sound levelmetu's [75], andth work ofproducing a new international standard for
sound level meters [761

4. Summing the reflections - thoughts on the future.
lnlookingbackovutheyearsoneismckbythesimilsritics, betweentheearlyyearsand
now, in the bade awe ofthe noise problems under consideration, and by the lack of real
progress in key areas, despite the passage of time, and much research, Thus in the
desa'iption of the 1938 acoustimeta' or objective noise meter, one can see early evidence
ofthe maydtude ofimpulse “corrections”, which have only recently, nearly 50 years later,
been the subject ofamendments to ISO 1996. But one is also struclg naturally, by the
difi'erences in the methods used in the research, arising from the developments in
technology, and the ease with which onecan now accomplish complex tasks. One simple
would be the generation of signals for subjective testing, where space-consuming and
power-hungry hardware has been replaced by the PC and sohware, in many cases readily
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uvailahlevinhelmemet. Bmat‘oouxseit isthewryeasewithwhichonecangenmte

wdlfignflsandpufilempbmnflysisHskgwhichhasiudfledmthepmfifimfionof

possiblewmoflsscssingnoise, Anothermmplewouldbethuvuflnbflityoflasasmd

Opticaluchniquanawusedinnfimphone caiflmfion.

Aswelooktodiefimm,hisdwthatteohnologicaldevdopmwindwlatclmmwfll

nmontyconfimewinflumethetechniquesappfiedhmwchonmisewdhsm

udmrkmfiemfisafimofpflmuymndardgbmfindmchmgethevuy

infiusuuchn’ebywhichthepmcessofmndaxdimionhappm. Ammbaofsundards

bodiaindndinathemdiofingineaingSoday,mahudyu§ngm(FfleTnnsfa

Pmmwnmmmgiveeommiueemembersonflnemmdowmemgmdmflfiur

disulssion gulps. AEmvpean consortium on Interim working for Standardisation, which

includes 381, is ingenflyevduaflngamlmberofposs'biefimuemxtegies. Theseus

obfimadvumgeshspeedofwoddngandabmaduhmforwmmmumbmth:

pmblmofuhievingconmmlikdytoinm.

hfllispupthxvemanpudmdewibemmeofthekeymdsnmningthrwghNPL

researchonnoiseaimeitsorigiminthe 1920sandtodluwhawthemchhas

Wandndmxawidemsaofamusimiappfimfiomlhmflsogivmmmples

ofthewuysflmNPmehhsbeaausedbyGwmenthdComminees

hthefimingofhykmoflesishfimguidummdeiwnhnthewmkofNPLmd
theoomihtfimofmhaoflnnfimnndhdividuahhvohedhmwchmdhthe
pmcessofmdudinflmhweprwidedessenfialwohwhdpuflthosemgedinthe
muskofMMnoiseooml-mdmhavehdpedwmakcaqfimwodd

5. Names.
1. G, W. C. Kayo, 193]. Noise and lb- meawement. Name. 128. No. 3224. 253-264.
2. 11W. Robbin .1981. NFL mdawm‘imlmdmfimfion. Acoustics Bulletin April
1981.
3. E. C. Pym, I983. The National Physical laboratory - a history. Adam Hiiger, Bristol
4. H Bud,l9fl.MWWflwNafima1Plodelabomom Applied Optics.
3. No. 10. 1125-1128.
1A H. Davin, 1930:1112 mam: afnoise In airaufl. Aimnfi Nuvunber
1930. 221-274. -
6. HHetchflandW. A. Mmson, 1933.me indefinltlan. calculatianmd
mall. I. About Soc. Amer. 5. 82-108.
1. A. HDcvis, 1934. Themmemq’natw . Engineering. 138. 663-666.
8. A K Dtvis, 1937 Noise, Watts and Co. tendon
9. A. H.M 1938.411017]me meterfirthe memo/madamemdloud
neadyadlnpubfwmmloumdofthchsfimfionofflmfinfinmfljfl- ,
260.

Proc.l.0.A. Vol 19 Pan 8 (1997) 61

  



 

Proceedings of the Institute of Acoustics

STANDARDS FOR A QUIETER WORLD

10.B.G.Cblnuba'ondA.J. Kblg.1937.Theperfonnnncoofnoisemetenintennsofthe ,

primary standard. Journal oftho EB. 81. No. 487. 57.
11. D. W. Robinson and 1?. S. Dadson, 1956. A redetennimtian cy’the equal-latches:
contoursforpine tones. British Journtfl ofApplied Physics. 7, 166-181.

12. Standardizlfion, 1961. Normal equal Ioudnen oontom
firpm madmmlthesholdq/hearing wnierfiee-fieldlrlrteningamiffim. ISO
Recommendation R 226. First edition.
13. International Eleanutwhnioal Commission, 1961. Recommendationsfarsound level

meters. IEC Publication 123. First edition.
14. D. W. Robinson, W. C. '1‘. Copeland, and A. 1. Ronnie, 196]. Motor vehicle noise
measurement. The 211, 493-497.

15. C. H. 6. Mills and D. W. Robinson, 1961. The subjective rating ofmotor vehicle
noise. The Engineer. 211, 1070 - 1074.

16. International Otganinfionfix Standardization, 1964. Measurement ofnoise emittedby
vehicles. ISO Recommendation R 362. First edition
l7.N.F1aning,1954.Me¢mamemqfrwiwantlwgrowdfiamaim¢mflig}mlkoynl
Aeronautical Society. 53. 245-248.
18. W. C. T. Copeland and E. G. Saunders, 1966. Evaluation ofme aroundan airport.
NPL Applied Physics lupm AP 24.
19.1ntanntional (hyminfinnfot Standardimfion, 1966. Procedurefor desalbingaimzdi
noise mtdanoilpart. ISO Recommendation R 507. First edition

20. S. S. Stevens, 1956. Calculation qftlle touches: ofoomplex noise. I. Am Soc.
Amer. 2.8. 807-832.
21. Am 1958. Mesqfnoise dun-acterlstics ofthe Boeing 707/120jet airliner and of
hgeammntomlpmpellenh'ven aimaft. Report of Bolt Beranek and Newman Inc. to
the Pan ofNew York Authority.
22. W. C. T. Copeland, I. M. Davidson, T. I. Barges! and D. W. Robinson, 1950. A
mauledMen!on the .mbjecdve ejects a/jet-engr'ne noise. I. Roy.Auo Soc. 64.
33-36.
23. D. W. Robinson and I. M. Bowshet, 196] . A mbjective imminent will! helicopter
noises. J. Roy. Auo. Soc. 65. 635-637.
24. D. w. Robinson]. MBowsba'nndW. c. 1, Copeland, 1963. Onjmiltgtltenotse
from aocmfl inflight. Austin, 13, 323-336.
25. l. M.W,D. R Johnson and D. W. Robinson, 1966. Afitrthereawerimmt on
fudglng the natslnen a/tmrqfi tnfllght. Awstica, 15, pm 5. 245-267.
26. l. H Flinddl. 1982. Community response to multiple noise ms. PhD thesis. ISVR
University of Southampton
27. D. W. Robinson, 1963. Recent advances in the subjective measurement of noise.
Proceedings ofthe 4111 [CA Copenhagen Book 11. 157-178.
28. National Physical Laboratory, 1961 The Control ofNoise. NPL Symposilnn No.12.
29. I. M Bowshzr and D. W. Robinson, 1963. Calculation qflwickerpllons an a digital
computer. Nature. Vol. 200. 553.555.

62 Proc.I.O.A. Vol 19 Pan 8 (1997)

  



 

f—

Proceedings oi the Institute of Acoustics

STANDARDS FOR A QUIETER WORLD

30. Noise. Final Report of the Wilson committee on the Problem afNaise. 1963 Cmnd
2056. HMSO.
3], D. R Johnson and D. W. Robinson, 1967. The subjective evaluation ofmnie bwtgs.
Austin. 18. 241-258.

32, D. R Johnson and D, W. Robinson, 1969 Procedurefor calculating we loudness of
sonic bangs. Awstica. 21. No 6. 307-318.
33. Mutational Organimion for Standardization 1973. Description and measurement of
physicalproperties ofsonic booms. ISO Standard 2249.
34. W. C. T. Copeland, L. S. Whittle and E. G. Saunders, 1964. A mobile aua‘iometric
laboratory J.Som1de,l.388-401.
35. D. W. Robhtson and J. P. Cook 1968. The qualification qfnoise We. NPL Aero
Report Ac 3].
36.1ntanational Organimtion for Standardization, 1971. Assement q/occupationalnoiw
Wfor heariig conservation proposes. ISO Recommendation R 1999 (superseded
by ISO Standard 1999 in 1975).

37. W. Burns and D. W. Robinson, 1971. Hearing and noise in industry. HMSO. London.
38. ME.de and AlRennie, 1964. The absolute pressure calibration cy'condenser
mia-oplwner . NFL Applied Physics Report AP 14.
39. M E. Delany, 1968. Condenser microphones and their calibration. NFL Am Report
Ae33.
40. International Eloctrotechnical Commission, 1971. Prean method for pres-tire
oalibmflanafone-lndtflardardwmienwrmia'ophonesbythe reciprocity [EC
327.

41. B. F. Bury, 1973. Ambient noise limitsfor a'udiometry. NFL Acoustics Report An 60.

42. D. W. Robinson, 1971. Tammi: a unified system ofnoise arsesanent. J. Sound Vib.
14, 279-298
43. B. F. Bony, 1974, Equivalent values of rrafic, aircrty‘t and indw'm'al noise. NPL
Acoustics Report An 65.
44. The Noise Advisory Council, 1975. Noise Units. London HMSO.
45. The Noise Advisory Commit, 1975. A Guide to the Measurement and Prediction ofthe
Equivalent continuous sound level Leq. London HMSO.
46. B. F. Bury and R F. Higginson, 1982, A review ofthe use qum in the UKfar the
evalumion ofenvirmmental noise. NPL Acoustics Special Report 512.
47. B. F. Berry, 1983. LA" and subjective reaction to diflerent noise sources. a review of
research. Proc. Intentoise 83, 1, 993-996

‘ 48. J. B. Critchley and J, B. Ollerhcad, 1990. file use ofLeqascm aircrafi noise index.
CAA DORA Report 9023,
49. A Boardrnm, 1985. The review of the UKMOD '5' compensation arrangements near
military aiflieldt. Proceedings ofthe NATO/CCMS Conference on Military aircraft Noise,
PM to 1-1-8. '

— - 50. International Organization for Standardization, I98]. Acoustics - description and
meantrement ofenvironmental noise. ISO 1996 Part I.

Proc.l.O.A. Vol 19 Pan 3 (1997) ' 63

 



Proceedings of the Institute of Acoustics

STANDARDS son A QUIETER WORLD

51. anamnait oftheEnvimnment, 1994 . Planning and PolicyGuidunceNoteZ4, Planning

and Noise.
52. European Commission, 1996. Green Paper on Future Noise Policy. COM ( 96) 540.

53. B. F. Berry, 1985. Evaluation of impulsive environmental noise: laboratory studies
ofmymoe reoctiom.-Proc. Internoise 85. 2. 921-924.

54, B. F. Bury and E. Zwicku', 1986. Comparison ofsubjective evaluations ofimpula've
wise with objective measurement ofthe [outbneswimefiinctian given by a loudness meter.

Proc. Internoise 86. 821-824.

55, B. F. Berry, 1987. The evaluation ofimpulsive noise. NPL Repon An] N

56. B. F. Berry, H. C. Fuller, A I, John and D. W. Robinson, 1979. The rating of

helicopter noise: development ofaproposed impulse correction NPL Report Ac 93.

57. B. F. Berry, 1989. Ream advances in the measurement and rating ofimpulsive noise.

Free. 13th ICA. Belgrade. 3. 147-150.
58. N. D. Pena, 1995. The ossemnent ofindustrial noise - a review ofvarious national

practices. NPL Report RSA(EXT) 005713.

59. ND. Porter, The assessment of industrial noise - subjective listening tests and

objective assementproceitires NPL anort RSA(EX'1') 0057C.

60. N. D. Porter, 1995. The detection of complex tones in noise. Pros. Institute of

Acoustics. 17, part 5.19-26.

61. N. D. Porter, 1. H. Flindell and B. F. Berry, 1993. An acousticfeature modelfor the

assemnem ofenvironmental noise. Acoustics Bulletin. Nov/Dec. 1993.

62. British Standards histimfion, 1990. Methodfor rating industrial noise qfi'ecting mixed
residential and iruium'ial areas. BS 4142: 1990.

63. KCPayne, 1987. Noise levelst propeller-driven aircrqfi measured at ground

level under! 1.2m above the ground NFL Acoustics Report Ac 110.
64. ICAO Annex 16. Chapter 10.

65. P. l. Dickinson, 1996. Towards a new ISO 389l. Proc. Intel'noise 96. Book 6, 3281-

3286.

66. B. F. Berry and K I, Weston, 1990. Noise from military airfield: in the United
Kingdom. Proc, lntemoise 90. 413-416.
67. B F Berry, RCPayne and A L Harris, 199]. Noise levels of military aircraft at

Exercise Luce Belle. NPL Report RSA (EXT) 14.

68, B. F. Berry and J D Speakman, 1992. A prediction modelfor noisefiom low-altitude
military (lira-oft .
Proc. Internoise 92. 2, 889-894.
69. B.F.Berry, 1995, Towards a slantiardised descriptor ofthe impulsive noise caused by
low-altitude military aircraft. Proc. Intemoise 95, II, 879-884.
70. AJ.Rennie, 1977. A Iaserpinorphonefor absolute calibration oflaboratory stwtdard
microphones in thefrequency range 0. 1 Hz to [00 Hz. NPL Acoustics Report AC 82.
71. R. G. Bartram, 1993. The NFL laser pistonphone. J. Low Frequency Noise and

Vibration, 12. 36-38.

Proc.l.O.A. Vol 19 Pan 8 (1997) 



Proceedings of the Institute of Acoustics

STANDARDS FOR A QUIETER WORLD

72. GRID” Ind DIL invis, 1990, A mpm’imn qfnafiom! nmxiam's ofsolma'
presume. Metrohgia, 26, 253-256.
73. D. R. Inn/is, 1995.34meacoustics. Proc. Institute ofAcoustics.
17, MRS, 47-52.
74. D. R Irvin, lmlmnemsfiartbzmmqfsowxiinrznsz‘gr: calibration and
pajamas tests. Proc. Eumnoise 92, 3006,759-766.
75. N_ E. Miltm, I995. Vmficafiorr ofsound level meters to BS 7580 Pam l and 2. Pmc.
10A, 17, Put 5, 57-61. 1995.
76. S. P. Dawson, 1996. Samdlewlmum - speafimfim shufardr and resting. Institute
oonousfics Bulletin. Much/April 1996. 5-8.

5. Acknowledgements. ‘
Iwmildiimlylikemackmwledgethe imahllble contribution offlte stafi‘oftlePLMam
library inthe prepamion ofthis paper. [would like to thank Professor Doung Robinson
who :upenisoddnmafmymchweernlNPLmdwithwhonLinhispresem
mpadty u Vuilingl’mfessor at the Institute ofSound Ind Vibration Research, [still enjoy
stimulating discussions. _,

Myflmkstoallthccofleagues atNPL withwhom I havehad, and still have, thepleamre
of working, and who luvs been part ofNI-‘L’s contribution to the making of u quieter
world.

 

Figure 2. NFL. objective
noise meter, 1938.

Figure I, NPL "audiometer", circa 1929
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Figure 3.
Noise of
motor horns,

1929‘

 

Figure 4.

Motor vehicle noise, 1934.

 

Figure 5‘

Outdoorjudgements
of aircrlfi noise, 196].
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