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When Ed i to r  Deirdre Benwell i n v i t e d  me to  open t h i s  s e r i e s ,  my f i r s t  i n c l i n a 
t i on  was to  o f f e r  a simple account of  our t a sk s  and r e s p o n s i b i l i t i e s .  On r e f l e c 
t i o n ,  however, i t  became apparent  t h a t  a n a r r a t i v e  which f a i l e d  to  br ing out  the  
phi losophy and s t y l e  of a s c i e n t i f i c  i n s t i t u t i o n  would miss the  mark. That i s  why 
I have gone back to  our roo ts  and provided some con te x t  to  frame the  d ive r se  a c t i v i 
t i e s  in which we have engaged over the  y e a r s .

The f i r s t  D i rec to r  of  the  Div is ion  of Applied Physics was Dr. Robert W. Boyle 
who was born in Newfoundland and educated a t  McGill U n iv e rs i ty  where he was the  
f i r s t  r e c i p i e n t  of  a Ph.D. in  physics  from t h a t  i l l u s t r i o u s  i n s t i t u t i o n .  In 1929, 
when he gave up his  p o s i t i o n  as Dean of  Applied Science a t  the  Univ e rs i t y  of  Alber ta  
to j o i n  NRC, he brought  wi th  him a s t ro ng  i n t e r e s t  in  u l t r a s o n i c s  thereby opening a 
l i n e  of  re sea rch a c t i v i t y  in a co u s t i c s  which has cont inued unbroken ever  s i n ce .  One 
year  l a t e r  his  young a s s i s t a n t  Dr. George S. F ie ld  ( l a t e r  Chief  S c i e n t i s t  of the  
Defence Research Board) was in v i t e d  to  form the  Acoust ics  and U l t ra son ic s  Sect ion 
which developed slowly during i t s  f i r s t  decade and made important  c o n t r i b u t i o n s  to  
the  war e f f o r t  between 1940 and 1945 (See W.E.K. Middleton,  Physics a t  the  National 
Research Council of  Canada 1929-1952, W i l f r id  Lau r ie r  U n iv e rs i t y  P r e s s ,  1979).
Dr. Thomas D. Northwood jo in ed  the  Sect ion  in 1940 and l a t e r  headed a new la bo ra to ry  
wi thin  the Divis ion of Bui ld ing Research devoted to  bu i ld in g  a c o u s t i c s .  This wi l l  
be the su b jec t  of  a l a t e r  a r t i c l e .

I t  was Dr. George J .  Th ies sen ,  Sec t ion  Head from 1950 to  1975, who r e b u i l t  
the Acoustics Sect ion during the  post-war  year s  and char ted  the  course we fol low 
today.  I t  i s  a course which has crossed  many areas  of  a co u s t i c s  over a t h i r t y - y e a r  
period in c lu d in g ,  fo r  example u l t r a s o n i c  abso rp t ion  and hypersonic  l i g h t  s c a t t e r i n g  
in l i q u i d s ,  r a d i a t i o n  p r e s s u r e ,  e l a s t i c  waves in s o l i d s ,  sound-generat ing  mecha
nisms in machinery e s p e c i a l l y  suc t ion  r o l l s ,  blowers and compressors,  the  e f f e c t s  of 
sound on b i r d s ,  hear ing p r o t e c t o r  de s ign ,  the  aco u s t i c s  of  c ircumaural  earphones ,  
the  design of aco u s t i ca l  i n s t ru m e n t s ,  hear ing th re sh o ld  measurements and phys io lo 
gical  noi se .  Throughout t h i s  per iod th e  primary purpose has been to  d i r e c t  a t t e n 
t io n  to  s c i e n t i f i c  areas  and s p e c i f i c  problems in aco u s t i c s  which a re  of s u b s t a n t i a l  
economic or soc ia l  s i g n i f i c a n c e  in Canada. In terms of  the  National  Research 
Council mandate t h i s  means aco u s t i c s  r e l a t e d  to  h e a l t h ,  the  environment ,  i n d u s t r i a l  
technology and s t anda rds .  The predominant s t y l e  of  re sea rc h  in the  l a b o ra to ry  is  
s t ro n g ly  rooted in phys ic s ,  in terweaves  exper iment wi th th e o ry ,  focusses  on s t r a t e 
g ic  s c i e n t i f i c  q u e s t i o n s ,  searches  fo r  under ly ing mechanisms and emphasizes economy 
of  method.

The major hea l th  e f f e c t  of sound i s ,  of cou rse ,  no ise- induced hear ing l o s s .  
Unfor tunate ly ,  the  a b i l i t y  to  d e t e c t  the  on set  of  t h i s  in s id io u s  occupat ional  
d i sease  i s  seve re ly  l i m i ted  by the  accuracy of  convent ional aud iometr ic  measurements 
in the  c r i t i c a l  high frequency region .  Our work on the  ea r  was i n i t i a l l y  in sp i r e d  
by t h i s  problem but  has proved equ a l ly  r e l e v a n t  to  the  measurement of  noise  expo
s u re ,  the s p a t i a l  pe rcep t i on  of  sound and the  des ign of hear ing a i d s .  The ta sks  
undertaken dur ing the  pa s t  decade inc lude the  "decoding" of  the  e x te rna l  ear  in 
terms of  i t s  normal modes, d i r e c t i o n a l i t y ,  r a d i a t i o n  impedance and d i f f u s e - f i e l d
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response,  the building of physical models of the e a r ,  the simulation of eardrum im
pedance, the ca l ib r a t io n  of high f i d e l i t y  earphones and the measurement of noise- 
exposure with an " in-ear"  microphone. Our curren t  work in th is  f i e l d  is concerned 
with the ro le  of the eardrum and the flow of energy through the middle ear .  We are 
a lso hoping to s t a r t  new work on hearing pro tec t ion  inspired  by contemporary indus
t r i a l  needs.

Another important hea l th  e f f e c t ,  v ibra tion-induced white f in g e r ,  i s  an indus
t r i a l  d isease associa ted  with occupations requir ing  the use of hand-held v ibra t ing  
tools  such as chain saws and gr inders .  For several years our laboratory  co l le c te d ,  
s i f t e d  and analyzed scanty data from several countr ies  in an attempt to e s tab l i sh  a 
firm r e l a t io n sh ip  between the sensation-weighted v ib ra t ion  l ev e l ,  the years of 
occupational exposure and the incidence of se lec ted  symptoms. This goal has now 
been reached c lear ing  the way fo r  an a t tack  on the sources of v ib ra t ion ,  the tools  
themselves. Some preliminary work on the behaviour of  a n t i - v ib ra t io n  tool handles 
was in f a c t  undertaken several years ago but a major e f f o r t  i s  required i f  we are 
to bring the input of v ibra t iona l  energy to the hands under adequate con t ro l .  This 
f i e l d  was reviewed l a s t  October in Montreal a t  a Seminar on Occupational Exposure 
to Noise and Vibration,  j o i n t l y  organized by the Division of Physics and the Radia
t ion  Pro tect ion  Bureau of Health and Welfare Canada in Montreal, and is  the subject  
of an In te rna t iona l  Symposium to be held in Ottawa in May 1981.

About f i f t e e n  years ago a steady stream of enquir ies  from munic ipa l i t ies  and 
provinces across the country persuaded us to s h i f t  much of our e f f o r t  towards the 
support of community noise con tro l .  Since motor vehic le  noise was known to be pre 
dominant in most c i t i e s ,  we began to c o l l e c t  s t a t i s t i c a l  information on source 
s t rength  fo r  the various c lasses  of vehicle  and to develop mathematical models for  
the " ideal"  c i t y .  I t  soon became apparent t h a t  the s te ad y -s ta te  noise leve ls  which 
we observed a t  our homes in Ottawa could not always be reconci led with the source 
da ta ,  a f inding which foreshadowed the need to reexamine almost every accepted tene t  
of sound propagation outdoors.  At the o u t s e t ,  to account for  the absorption of 
sound in a i r  a t  frequencies below 2 kHz, which are predominant in urban noise ,  we 
found i t  necessary to include the e f f e c t  of the v ibra t iona l  re laxa t ion  in nit rogen.  
This change in long-accepted theory was r ecen t ly  embodied in a new ANSI Standard 
which i s  a key document in the in t e rp re ta t io n  of a i r c r a f t  noise measurements. 
Managers of  miss ion-oriented research may note t h a t  t h i s  important discovery was 
insp i red  by the ins igh ts  gained from our e a r l i e r  a c t i v i t i e s  in a very d i f f e r e n t  
f i e l d ,  u l t r a so n ic  absorption in l iqu ids .

Our decade of work on sound propagation outdoors has embraced such major 
themes as the theory and measurement of  sound propagation over an impedance bound
ary,  the e f f e c t s  of r e f r a c t io n  due to wind and temperature,  the e f fec ts  of atmo- 
pheric turbulence and the d i f f r a c t i o n  of  sound by simple b a r r i e r s .  These themes 
have been t i g h t l y  interwoven with a steady stream of app l ica t ions  such as the e f f e c t  
of sloping t e r r a i n  on s id e l in e  noise a t  Vancouver In terna t ional  Airport ,  the v a r i a 
b i l i t y  of  motor vehic le  t e s t  s i t e  measurements and the performance of highway 
b a r r i e r s .  Our cu r ren t  work in th i s  f i e l d  i s  concerned with a fundamental l im i ta t io n  
in d i f f r a c t i o n  theory which only came to l i g h t  l a s t  year  and seems to be associated 
with wave-front curvature .

Fif teen years ago there was very l i t t l e  q u a n t i t a t iv e  information about sleep 
dis turbance which i s  general ly  recognized as one of the more important e f f e c t s  of 
urban noise .  The sleep pro jec t  was designed to f i l l  t h i s  gap in a systematic way. 
Over a twelve year period (1968-1980) near ly  120 subjects  p a r t ic ipa ted  in a se r ie s  
of experiments during which more than 1900 nights  of sleep were measured in the
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laboratory. In all of these experiments the patterns of noise exposure were 
controlled and the sleep levels were monitored by means of electrical signals from 
the brain received by an electroencephalograph and recorded on magnetic tape. The 
results of this work are presented in a series of papers some which have already 
been published while others are in preparation.

During the late sixties the snowmobile, a spectacular new noise source with 
a strong attachment to Canada, appeared on the scene and soon achieved notoriety in 
environmental acoustics. In a few short weeks the laboratory took note of this 
problem, analyzed the noise-generating mechanisms in a typical machine, measured the 
levels from many others and issued a report outlining the measures needed to produce 
quieter vehicles. This document, which included a salutary appendix on noise- 
induced hearing loss, was clearly a landmark in the field.

It was by then apparent that machines powered by small internal combustion 
engines, such as motorcycles, lawnmowers and chain saws, accounted for a significant 
component of community noise in suburban areas. They were also more difficult to 
quieten than larger machines due to limitations in weight and size. In response to 
this problem, one of our current tasks is concerned with the fundamental mechanisms 
of exhaust noise generation and radiation in small single-cylinder engines of the 
types and sizes used in chain saws.

Ten years ago it would have been hard to find a Canadian-made high-fidelity 
loudspeaker system. Today more than half of the market is served by Canadian manu
facturers. Whatever the reasons for this dramatic change, there can be no doubt 
that the industry is strongly supported by the studies of auditory processes, and 
physical factors related to the quality of reproduced sound, and the development of 
physical measurements, listening tests, interpretive methods and design techniques 
undertaken in the Acoustics Section during the past fifteen years. These activities 
also encompass the design of listening rooms, the reproduction of sound in centres 
for the performing arts, and the development of measurement techniques for earphones, 
phonograph pickups and turntables. In 1979, as a contribution to the work of the 
International Electrotechnical Commission, the laboratory assumed a major role in 
the development of draft standards on loudspeaker measurements and listening tests. 
The room shown in the photograph which accompanies this article is, in fact, the 
prototype international standard listening test room. Superficially, it resembles 
a conventional living room, but it is distinguished by exceptional control over the 
frequencies, pressure distributions and damping factors of the room modes without 
which consistent testing would be exceedingly difficult.

Increasingly statutes, regulations and international contracts require acous
tical measurements which are traceable to the national laboratory. To meet such 
needs a highly accurate microphone comparison system has been built and a primary 
calibration system of exceptional quality is nearing completion in our laboratory.
At the same time we are closely examining the performance of conventional sound 
level meters and various kinds of integrating instruments which are now coming into 
general use. It is now clear that factors such as the detector characteristics,
(e.g. crest factor), the instrument time constants and the tolerances on the 
weighting networks and overall frequency response can cause errors which are much 
greater than those which would be inferred from the instrument specifications. To 
help solve these problems we are working closely with the IEC and ANSI Committees 
which are active in this field. More generally, we are finding it necessary to 
devote an increasing proportion of our effort to the scientific support of national 
and international standards activities which often provide the channels through 
which ideas and discoveries are translated into action. It should perhaps be added
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t h a t  the s tudy of sound level  measurement techniques has y ie lded  several  bonuses 
e s p e c i a l l y  the development of a min ia tu re  sound leve l  meter ,  now in production on a 
small s c a l e ,  and a p rec i s io n  measuring a m p l i f i e r  with a remarkably la rge  dynamic 
range. ________________________________________________________________

NRC In te rn a t io n a l  Standard L i s t en in g -T es t  Room

Looking in to  the  f u t u r e ,  i t  i s  sa f e  to  p r e d i c t  t h a t  a higher  p roport ion  of 
our work w il l  be a sso c ia t ed  with the needs of  Canadian i n d u s t ry .  These include  the 
need to design q u ie t  and v i b r a t i o n - f r e e  machinery meeting accep tab le  heal th  and 
environmental  goals  and, i n c i d e n t a l l y ,  securing  compet i t ive  p o s i t ions  in i n t e r n a 
t io n a l  markets ,  the need fo r  innovat ive products  and se r v ice s  r e l a t e d  to f i e l d s  such 
as speech communication, image format ion,  contro l  systems,  i n d u s t r i a l  processing and 
n o n -d e s t ru c t iv e  t e s t i n g ,  and the need f o r  highly s o p h i s t i c a t e d  measurement t e c h n i 
ques commensurate with the wide v a r i e t y  of  problems which can be a n t i c ip a t e d  during 
the  n ineteen  e i g h t i e s .

The Acoust ics  Sec t ion en te r s  1981 with a permanent s t a f f  o f  e ig h t  s c i e n t i s t s  
(A.J .  Brammer, R.J.  Donato, T.F.W. Embleton, J .E .  P ie rcy ,  E.A.G. Shaw, M.R. S t inson ,  
F.E. Toole and G.S.K. Wong) and four  t echn ica l  o f f i c e r s  (A. H e l la rd ,  A.C. Lapointe ,  
R. S t .  Denis and M.M. V a i l l a n c o u r t ) . Also, our e f f o r t  i s  f r eq u en t ly  augmented and 
the  la b o ra to ry  enriched by the presence of  one or  two v i s i t i n g  s c i e n t i s t s ,  r esea rch  
fel lows and s tu d en t s .

In a d d i t io n  to  the l i s t e n i n g  room a l ready  mentioned, our spec ia l  f a c i l i t i e s  
inc lude a sound- in su la ted  anechoic chamber and a recen t ly-comple ted  measurement 
la b o ra to ry  which f e a tu re s  a c l e a r  space with p r in c ip a l  dimensions exceeding 7 m. 
Measurements in  t h i s  space wil l  be made with advanced techniques such as time-domain 
spec tromet ry ,  impulse and c o r r e l a t i o n  methods. With these  techniques we expect  to 
be able  to  make measurements which, in an e a r l i e r  day, would have requ ired a very 
co s t l y  and l e s s  convenient  anechoic chamber.


