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EDITORIAL EDITORIAL

Thi s  l a s t  i s s u e  of  Vol urne 12 b r i n g s  
much i n f o r m a t i o n  c o n c e r n i n g  our  annual  
m e e t i n g  i n  Quebec  c i t y .  T h e r e  a r p  
no m i n a t i o n s  f o r  new e x e c u t i v e  members,  
t h e  program o f  t h e  m e e t i n g ,  a b s t r a c t s  of  
t h e  p a p e r s ,  and o f  c o u r s e  some comments 
f rom our  p r e s i d e n t  c o n c e r n i n g  m a t t e r s  t o  
be  d i s c u s s e d  a t  our  b u s i n e s s  m e e t i n g . - 
Wi t h  t h e  c o m b i n e d  s e m i n a r s  and  CSA 
m e e t i n g s ,  i t  l o o k s  as i f  a c o u s t i c s  week 
i n  Canada  w i l l  be  a v e r y  b u s y  and 
i n t e r e s t i n g  t i m e .  Of c o u r s e ,  d o n ' t  
f o r g e t  t h a t  t h e  12 t h  ICA i s  a pp r oa c h i ng  
a n d  p l a n n i n g  f o r  t h a t  i s  s t e a d i l y  
i n t e n s i f y i n g .  There  w i l l  be a r e p o r t  on 
t h a t  i n  our  nex t  i s s u e  as  wel l  as r e p o r t s  
on t h e  Quebec C i t y  me e t i n g  f o r  t h o s e  who 
c o u l d  not  a t t e n d .

D o n ' t  f o r g e t  o u r  e f f o r t s  t o  
e n c o u r a g e  more l i b r a r i e s  t o  s u b s c r i b e ,  
and t o  o b t a i n  a few more a d v e r t i s e r s .  We 
need y ou r  hel  p.

Ce d e r n i e r  numéro du vol urne 3 se  
c o n s a c r e  au c ong r è s  annuel  à Québec.  
Vous t r o u v e r e z  l e  programme du c o n g r è s ,  
l e s  s o m m a i r e s  d e s  c o n f é r e n c e s ,  l e s  
no m i n a t i o n s  pour  l e s  nouveaux membres de 
1 ' é x é c u t i f  e t  q u e l q u e s  m o t s  du 
p r é s i d e n t .  Avec l e s  deux s é m i n a i r e s  e t  
l a  r é u n i o n  de l a  CSA, l a  s e m a i n e  
d ' a c o u s t i q u e  au Canada promet  d ' ê t r e  
a c t i v e  e t  i n t é r e s s a n t e .

Il ne f a u t  pas o u b l i e r  que 1 1ICA-1 2 
a p p r o c h e  e t  l a  p l a n i f i c a t i o n  
s ' i n t e n s i f i e .  Dans l e  p r oc h a i n  numéro i l  
y a u r a  un r a p p o r t  s u r  c e t t e  p l a n i f i c a t i o n  
a i n s i  q u ' u n  r a p p o r t  s u r  l e  cong r è s  de 
Québec pour  ceux qui  n ' o n t  pas pu s ' y  
r e n d r e .

NEWS FROM THE PRESIDENT

Your CAA d i r e c t o r s  have been doing 
s o me  t h i n k i n g  on  y o u r  b e h a l f .  
C o n s i d e r a t i o n  i s  b e i n g  g i ven  t o  drawing 
up some b r o a d  o u t l i n e s  f o r  t h e  annual  
m e e t i n g s  of  t h e  f u t u r e .  One of  t h e  i d e a s  
i s  t h a t  we p r e s e t  t h e  annual  mee t i ngs  
c h a r g e  t h e  y e a r  b e f o r e .  Do you have an 
opi  ni on?

Ano t he r  c o n s i d e r a t i o n  i s  t h e  amount 
o f  t i me  and e f f o r t  t h a t  i s  t o  be r e q u i r e d  
i n  d e v e l o p i n g  a day and a h a l f  of  formal  
p a p e r s .  How s t r u c t u r e d  s hou l d  our  annual  
m e e t i n g s  be?  Do you l i k e  t h e  p r e s e n t  
f o r ma t  o r  s h o u l d  i t  be changed?  Talk t o  
one or  more of  our  d i r e c t o r s  and t e l l  
t hem what  you t h i  nk .

Our membership cha i rman has been 
ve r y  a c t i v e  i n  t r y i n g  t o  r e c r u i t  new 
members.  Have you been do i ng  you s h a r e ?

Pl ans  a r e  p r o g r e s s i n g  f o r  our  ICA 
m e e t i n g  i n  1986.  Have you s u b m i t t e d  your  
p a p e r ?  Do you t h i n k  we s hou l d  have an 
annual  mee t i ng  t h a t  y e a r ?  I f  s o ,  wi t h  
what  f o r ma t ?

I would l i k e  you a l l  t o  answer  t h e  
many q u e s t i o n s  posed bu t  most  of  a l l  I 
want  t o  s e e  you a t  our  annual  mee t i ng  i n  
Quebec C i t y .

Cameron W. She r r y  
P r e s i d e n t
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CAA NOMINATIONS NOMINATIONS DE L'ACA

T h e  b y l a w s  o f  t h e  C a n a d i a n  
A c o u s t i c a l  A s s o c i a t i o n  r e q u i r e  t h a t  t h e  
p a s t - p r e s i d e n t  nomina t e  p e r s o n s  t o  f i l l  
v a c a n c i e s  t h a t  oc c u r  on t h e  Board of  
D i r e c t o r s  a n d  O f f i c e r s  o f  t h e  
Associ  a t i  on.

P a s t - P r e s i d e n t ,  Tom Northwood,  has 
a d v i s e d  us  t h a t  he  w i l l  make t h e  
f o l l o w i n g  n o m i n a t i o n s :  P r e s i d e n t ,  
Cameron She r ry  ( c o n t i n u i n g ) ;  Exe c u t i ve  
S e c r e t a r y ,  D e i r d r e  Benwel1 ( c o n t i n u i n g ) ;  
E d i t o r ,  J o h n  B r a d l e y  ( c o n t i n u i n g ) ;  
T r e a s u r e r ,  Tom Ho.

D i r e c t o r s :  Two of  our  d i r e c t o r s ,  
S t u a r t  Eaton and Mous t a fa  Osman, r e t i r e  
t h i s  y e a r .  To r e p l a c e  t hem,  Lola Cuddy 
(Queen ' s  U n i v e r s i t y )  and Jean  Ni c o l a s  
( U n i v e r s i t é  de  S h e r b r o o k e )  w i l l  be  
nomina t ed  t o  s e r v e  f o r  a f o u r - y e a r  t e r m .

F u r t h e r  n om i n a t i o n s  a r e  i n v i t e d  and 
s h o u l d  be i n  t h e  hands of  t h e  E x e c u t i ve  
S e c r e t a r y  ( D e i r d r e  Benwel 1 ) ,  t o g e t h e r  
wi t h  t h e  c o n s e n t  o f  t h e  Nominees t o  
s e r v e ,  p r i o r  t o  t h e  1984 annual  b u s i n e s s  
meet i  ng.

Se lon des r èg l e me n t  de l ' A s s o c i a t i o n  
C a n a d i e n n e  d ' A c o u s t i q u e  , 1 ' a n c i e n  
p r é s i d e n t  d o i t  nommer des p e r s on n e s  pour  
o c c u p e r  l e s  p o s t e s  v a c a n t s  au c o n s e i l  
d ' a d m i n i s t r a t i o n  e t  au c omi t é  d i r e c t e u r  
de 1 'Assoc i  a t i  on.

L ' a n c i e n  p r é s i d e n t  de 1 'ACA, Tom 
Nor thwood,  nous a a p p r i s  q u ' i l  nommera 
l e s  p e r s o n n e s  s u i v a n t e s :  P r é s i d e n t ,  
Cameron  S h e r r y ;  S e c r é t a i r e ,  D e i r d r e  
B e n w e l 1 ;  E d i t e u r ,  J o h n  B r a d l e y ;  
T r é s o r i e r ,  Tom Ho.

D i r e c t e u r s :  Deux de nos d i r e c t e u r s ,  
S t u a r t  E a t o n  e t  M o u s t a f a  Os ma n ,  
d é m i s s i o n n e  c e t t e  a n n é e .  P ou r  l e s  
r e m p l a c e r ,  L o l a  C u d d y  ( Q u e e n ' s  
U n i v e r s i t y )  e t  J ean  N i c o l a s  ( U n i v e r s i t é  
de Sh e r b r o o k e )  s e r o n t  nommés pour  s e r v i r  
une p é r i o d e  de q u a t r e  a n s .

Au t r e s  n o m i n a t i o n s  s o n t  i n v i t é e s  e t  
d o i v e n t  ê t r e  r e ç u e s  avec  l e  c ons en t e me n t  
des  nominés p a r  l e  S e c r é t a i r e  ( D e i r d r e  
Benwel 1 ) a va n t  l e  r éu n i on  g é n é r a l e  1984 à 
Québec.

EMPLOYMENT WANTED

ACOUSTICS AND NOISE CONTROL

Rod. E. Hayden,  CET

Work e x p e r i e n c e  r e l a t e d  t o :  mechanica l  
s ys t e ms  n o i s e  c o n t r o l ,  commercial  and 
r e s i d e n t i a l  n o i s e  i s o l a t i o n ,  s ma l l  
a u d i t o r i a ,  e nv i r onme n t a l  and t r a f f i c  
n o i s e  s t u d i e s .

Rod E. Hayden
#304-1 070 West 10 th  Avenue 
Vancouver ,  B r i t i s h  Columbia 
V6H 1H8

Te l ephone :  (604)  738-7320
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SUSTAINING MEMBERS UPDATE

Due t o  t h e  c o s t s  of  t y p e s e t t i n g  t h e  
l i s t  of s u s t a i n i n g  members on t h e  r e a r  
c o v e r s ,  new s u s t a i n i n g  members wi l l  only 
be added once each y e a r  in t h e  Ju ly  
i s s u e .  Add i t i ona l  s u s t a i n i ng members a re  
1 i s t e d  b e l ow.

Acoustec Inc .
C o n s e i l l e r s  en A c o u s t i q u e  e t  

Co n t r ô l e  du Br ui t
106 Chaudi è r e
S t .  N i c o l a s ,  Quebec GOS 2Z0
T e l . :  (418) 839-0101

Canada Post  Co rpo ra t i on

McCarthy Robinson Inc .
"Matr ix  I n d u s t r i a l  S i l e n c e r s "
321 P rogr es s  Avenue
Scarborough ,  Ontar io  Ml P 2Z7
T e l . :  (41 6) 298-1 630

TORONTO REGIONAL CHAPTER NEWS

The Toronto Chapter  of t h e  C.A.C. 
held  i t s  f i n a l  meet ing of t h e  1983/84 
s e a s o n  on T u e s d a y ,  29 May 1984 a t  
7 : 0 0  p . m .  i n  t h e  O n t a r i o  Hydr o  
A u d i t o r i u m ,  700 U n i v e r s i t y  Avenue,  
Toronto.

C o n v e n e r s  f o r  t h e  m e e t i n g  were 
C.A.  K r a j e w s k i  and W.V. S y d e n b o r g h .  
Addendence: 58. Refreshments  c o u r t e sy  
of  H.L. B l a c h f o r d ,  Ltd.  of  Mi ss i s saug a ,  
O nt a r i o .

The t h e m e  o f  t h e  m e e t i n g  was 
" T r a n s p o r t a t i o n  Noise . "

The f i r s t  of  t h e  s p eake r s  i n t r o du ce d  
was Bren Brownlee of Leq Measurements 
Ltd.  Bren showed t h e  i n s t r u m e n t a t i o n  and 
t h e  hardware l a yo u t  used t o  moni tor  no i s e  
l e v e l s  i n  a n d  a r o u n d  P e a r s o n  
I n t e r n a t i o n a l  A i r p o r t .

Ken Hof fe r  of Transpor t  Canada t o l d  
what  h a p p e n s  w i t h  t h e  i n f o r m a t i o n  
r e c e i v e d  and how i t  c o i n c i d e s  w i t h  
compla i n t s  r e c e iv ed  from t h e  r e s i d e n t s  in 
t h e s e  a r e a s ,  how i n d i v i du a l  p i l o t s  a r e  
made aware of  e x c e ss i ve  n o i s e  l e v e l s  and 
how s p e c i f i c  t y p e s  o f  a i r c r a f t  a r e  
i d e n t i f i e d  f o r  r e f e r e n c e  i n  f u t u r e  
s o l u t i o n s .

A f t e r  t h e  I n t e r m i s s i o n ,  
Annabel Cohen spoke on t h e  p r o gr es s  of 
t h e  Membership Committee and asked f o r  
v o l u n t e e r s  t o  he lp  her .

Tim Kel sal  1 ' s p r e s e n t a t i o n  covered 
Rail Noise . . .  t h e  ranking of  causes  such 
as e n g i n e ,  d r i v e  t r a i n ,  e t c . ,  and t h e  
r e a c t i v a t i o n  of  t h e  R a i l ro ad  Pass-By 
r e g u l a t i o n s .

Roman Krawczyniuk of  t h e  Ontar i o  
M i n i s t r y  o f  t h e  Env i r onmen t  c o v e r e d  
"Improved Procedures  f or  Highway T r a f f i c  
Noise P r e d i c t i o n . "  He d i s c u s s e d  t h e  
a s p e c t s  and i m p l i c a t i o n s  of  t h e s e  
p r o ce d u r e s .

John Manuel d i s c u s s e d  t h e  12th ICA 
and a l l  t h e  e x c i t i n g  t h i n g s  happening 
around i t .

This concludes  a most s u c ce s s f u l  
y e a r  f o r  t h e  Toronto Chapt er ,  both  in  
a t t e n d a n c e  and t h e  q u a l i t y  o f  t h e  
s p e a k e r s .  We can look forward wi th  
c on f id en ce  t o  t h e  1984/85 s ea s on .  The 
f i r s t  meet ing wi l l  be held  1n September.  
All p a r t i c u l a r s  wi l l  be 1n t h e  mail well 
in advance of  t h e  d a t e .

TORONTO CHAPTER 1984/85

Tuesday,  27 November 1 984:
Onta r io  Hydro Audi tor ium,  7:00  p.m. 
T o p i c :  S p e e c h  P e r c e p t i o n  and  

Pathology 
Convenors:  A. Behar and S. Abel
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Tuesday,  29 J a n u a r y  1 9 8 5 :
O n t a r i o  Hydro Au d i t o r i u m,  7 : 00  p.m.  
Topi c :  V i b r a t i o n :  P e r c e p t i o n  and 

C r i t e r i  a
Convenors :  C. Krajewski  and M. Barman

Tuesday ,  19 March 1 9 8 5 :
T e c h n i c a l  V i s i t :  

announced 
Convenors :  A. Behar  and A. McKee

L o c a t i o n  t o  be

NEW ADDRESS

Annabl e  J .  Cohen,  Membership Commit tee
Ce n t r e  f o r  Re s e a r c h  i n  Human Development
Eri  n d a l e  Campus
U n i v e r s i t y  of  Tor on t o
M i s s i s s a u g a ,  O n t a r i o
L5L 1C6
T e l . :  (41 6) 828-5303

Tuesday ,  21 May 1 985:
On t a r i o  Hydro A u d i t o r i u m ,  7 : 00  p.m 
Topi c :  I n d u s t r i a l  Noi se  
C o n v e n o r s :  W.V. S y d e n b o r g h  

M. Barman

UN I V E R S I T Y  OF 
RESEARCH FACILITY

A L B E R T A ,  A C O U S T I C A L

NEW CANADIAN CONSULTING COMPANY

a nd  Mr. D . J .  Whicker  has announced  t h e
f o r m a t i o n  o f  a new Vancouver  a c o u s t i c a l  
c o n s u l t i n g  company,  Whicker  A s s o c i a t e s .

s p e c i a l i z e  i n  a r c h i t e c t u r a l  
b u i l d i n g  n o i s e  and v i b r a t i o n  

a c o u s t i c s ,  and

They wi l l  
a c o u s t i  c s , 
c o n t r o l  , 
i n d u s t r i  al

communi  t y  
a c o u s t i c s .

On 1 August  1984,  t h e  U n i v e r s i t y  of  
A l b e r t a  wi l l  assume c o n t r o l  of  t h e  f o r me r  
B o l s t a d  E n g i n e e r i n g  r e v e r b e r a t i o n  
c h a m b e r s  a nd  a s s o c i a t e d  l a b o r a t o r y  
f a c i l i t i e s .  These chambers  (226 m^ and 
310 m 3 ) ,  w h i c h  h a v e  b e e n  u s e d  f o r  
s t a n d a r d  t r a n s m i s s i o n  l o s s  and a b s o r p t i o n  
c o e f f i c i e n t  m e a s u r e me n t s ,  wi l l  c o n t i n u e  
t o  p r o v i d e  a t e s t i n g  s e r v i c e  f o r  
commercial  and governmenta l  c o n c e r n s .  In 
a d d i t i o n ,  t h i s  c e n t r e  w i l l  be i n v o l v e d  i n  
f u n d a m e n t a l  s t u d i e s  r e l a t i n g  t o  
r e v e r b e r a t i o n  rooms,  a c o u s t i c a l  m a t e r i a l s  
a n d  t e s t i n g  t e c h n i q u e s .  B o t h  
u n d e r g r a d u a t e  and g r a d u a t e  s t u d i e s  i n  
s e v e r a l  u n i v e r s i t y  d e p a r t me n t s  w i l l  be 
u s i n g  t h i s  1 a b o r a t o r y .

I f  y o u  w o u l d  l i k e  f u r t h e r  
i n f o r m a t i o n  on e i t h e r  t h e  c a p a b i l i t i e s  of  
t h i s  f a c i l i t y  or  t h e  p o s s i b i l i t i e s  f o r  
r e s e a r c h / d e v e l o p m e n t  work,  p l e a s e  c o n t a c t  
e i t h e r  Gary F a u l k n e r  (403-432- 3446)  or  
Tony Cr a g g s  ( 4 0 3 - 4 3 2 - 4 5 1 7 )  i n  t h e  
Depar tment  of  Mechanical  E n g i n e e r i n g ,  
U n i v e r s i t y  of  A l b e r t a ,  Edmonton,  A l b e r t a ,  
T6G 2G8.

1102 Heywood Avenue
Nor th Vancouver ,  B r i t i s h  Columbia
V7L 1H4.

AUDIO ENGINEERING SOCIETY

I s s u e s :  D i g i t a l  Audio

The Audio E n g i n e e r i n g  S o c i e t y  has 
p u b l i s h e d  DIGITAL AUDIO, a c o l l e c t i o n  of  
25 s i g n i f i c a n t  pa pe r s  p r e s e n t e d  a t  t h e  
AES p r e m i e r e  c o n f e r e n c e  on d i g i t a l  
t e c h n o l o g y  i n  Rye,  New York.  The p a p e r s ,  
a u t h o r e d  by t h e  w o r l d ' s  f o r e mos t  e x p e r t s  
on d i g i t a l  a u d i o  and i t s  a p p l i c a t i o n s ,  
a r e  now a v a i l a b l e  i n  an e x p e r t l y  e d i t e d  
and handsomel y  bound volume.

Lo u d s p e a k e r s ,  Volume 2

A new a n t h o l o g y  o f  p a p e r s  by 
d i s t i n g u i s h e d  e x p e r t s  i n  l o u d s p e a k e r  
t h e o r y  and p r a c t i c e  c o l l e c t e d  f rom t h e  
J o u r n a l  o f  t h e  A u d i o  E n g i n e e r i n g  
Soci  e t y .

4



Audio E n g i n e e r i n g  S o c i e t y  I nc .  
60 E a s t  42nd S t r e e t  
New York,  NY 10165 
U.S.A.

CALENDAR 1 9 8 4 / 8 5

1 - 4  Oc t obe r  1 984
Aerodynamics  and A c o u s t i c s  of  P r o p e l l e r s  
T or on t o

8-1 2 Oc t obe r  1 984 
A c o u s t i c a l  S o c i e t y  of  America 
M i n n e a p o l i s ,  MN, U.S.A.
( De a d l i n e  f o r  a b s t r a c t s  22 June  1984)

22-26 Oc t obe r  1984
CAA Annual Meet ing  and Seminars
Quebec C i t y ,  Quebec

4 - 6  November 1984
I n s t i t u t e  o f  A c o u s t i c s  Autumn Confe rence  
Windemere,  U.K.

3 - 5  December 1 984 
INTER-NOISE 84 
Ho n o l u l u ,  Ha wa i i ,  U.S.A.
( De a d l i n e  f o r  a b s t r a c t s  15 March 1984)

9-13  December 1 984
ASME Symposium on F l ow- Induc e d  V i b r a t i o n  
New Orl e a n s , U.S.A.

1 5-1 7 Apr i l  1 985
I n s t i t u t e  of  A c o u s t i c s  S p r i ng  Conf e rence  
York,  England

22-26 Apr i l  1985
I n t e r n a t i o n a l  Symposium on Ac ous t i c a l  

Imagi ng 
The Hague,  The N e t h e r l a n d s

6 - 8  May 1 985
I n t e r n a t i o n a l  Sympos ium on Hand-Arm 

V i b r a t i  ons 
Hel s i n k i , Fi n l and

3-5 June  1 985 
Noise  Con 85
Ohio S t a t e  U n i v e r s i t y  
Columbus,  Ohio 
U.S.A.

2-4  J u l y  1985
U l t r a s o n i c s  I n t e r n a t i o n a l  ' 85 
Kings C o l l e g e ,  London,  England
4 - 9  August  1985
I n t e r n a t i o n a l  Congress  on Educ a t i on  of  
t h e  Deaf
M a n c h e s t e r ,  England

18 - 20  September  1985 
INTER-NOISE 85 
Munich,  West Germany

26-27 September  1985
C a n a d i a n  A c o u s t i c a l  A s s o c i a t i o n  
Symposi um 
Ot tawa ,  O n t a r i o

NEW RESEARCH CONTRACTS

To C a n a r c t i c  S h i pp i ng  Company L i m i t e d ,  
Ot t awa ,  O n t a r i o ,  $21 ,000 ,  f o r  " I n i t i a l  
d e s i g n  a n a l y s i s  and f i t t i n g  o f  u nd e r w a te r  
i n s t a l l a t i o n  f o r  s o n a r  and v i ewing  p o r t s  
t o  o b s e r v e  i c e  m i l l i n g . "  Awarded by t h e  
Depar tment  of  T r a n s p o r t .

To A r c t i c  S c i e n c e s  L i m i t e d ,  S i d n e y ,  
B r i t i s h  Columbia ,  $69 , 98 8 ,  f o r  " Ac ou s t i c  
m e a s u r e m e n t s  o f  f l o w s  i n  c h a n n e l s . "  
Awarded by t h e  Depar tment  of  F i s h e r i e s  
and Oceans .

To J a s c o  R e s e a r c h  L i m i t e d ,  S i d n e y ,  
B r i t i s h  C o l u m b i a ,  $1 62 , 6 0 0  , f o r  
"Development  of  an unde r s e a  a c o u s t i c  
t e c h n i q u e  t o  d e t e r m i n e  r a i n f a l l . "  
Awarded by t h e  Depar tment  of  F i s h e r i e s  
and Oceans .

\ \
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To Bol t  Beranek and Newman I n c o r p o r a t e d ,  
Cambr idge ,  M a s s a c h u s e t t s , $ 82 , 590 ,  f o r  
"Update  and m o d i f i c a t i o n  of  Canadian 
d e s i g n  gui de  f o r  a c o u s t i c a l  a n a l y s i s  of  a 
w a r s h i p . "  Awarded by t h e  Depar tment  of 
Na t iona l  Def ence .

To Technica l  U n i v e r s i t y  of  Nova S c o t i a ,  
H a l i f a x ,  Nova S c o t i a ,  $ 7 9 , 0 0 0 ,  f o r  
" E x t r a p o l a t i o n  o f  s p a t i a l l y - l i m i t e d  
s i g n a l s  f o r  a p p l i c a t i o n  i n  s o n a r  a r r a y  
p r o c e s s i n g . "  ( D r .  E . I .  E l - M a s r y ,  
Depar tment  of  E l e c t r i c a l  E n g i n e e r i n g . )  
Awarded by t h e  Depar tment  of  Na t iona l  
Defence .

To O f f s h o r e  S u r v e y  a nd  N a v i g a t i o n  
L i m i t e d ,  N o r t h  V a n c o u v e r ,  B r i t i s h  
C o l u m b i a ,  $ 2 0 , 7 1 9 ,  f o r  " S u r v e y  o f  
a c o u s t i c  p r o f i l i n g  o f  an A r c t i c  i c e  
k e e l . "  Awarded by t h e  Depar tment  of  
F i s h e r i e s  and Oceans .

I N T R O D U C T I O N  A U X  T H E O R I E S  D E  
L ' A C O U S T I Q U E

Aut e ur :  Michel  Bruneau 
P u b l i c a t i o n  de l ' U n i v e r s i t é  du Maine 
1 v o l .  o f f s e t  670 p.  ( 1 5 , 5  x 24 cm)
P r i x :  36$ US + 4$ US f r a i s  pos t a ux

Ce l i v r e  s ' a d r e s s e  s p é c i f i q u e m e n t  
aux p h y s i c i e n s  mai s  peut  s e r v i r  t o u t  
a u s s i  b i e n  à l ' i n g é n i e u r .  La 
p r é s e n t a t i o n  de l a  m a t i è r e  s e  s i t u e  au 
n i v e a u  du 2e ou 3e c y c l e .  D ' a i l l e u r s  
i l  e s t  u t i l i s é  pour  l ' e n s e i g n e m e n t  du 
D i p l ô m e  d ' E t u d e s  A p p r o f o n d i e s  
d ' A c o u s t i q u e  à l ' U n i v e r s i t é  du Maine.  
L ' ou v r a g e  e s t  d i v i s é  en deux g r ande s  
p a r t i  e s .

La p r e m i è r e  c o n t i e n t  l e s  s i x  
p r e m i e r s  c h a p i t r e s  e t  donne l e s  t h é o r i e s  
f o n d a m e n t a l e s  de  l ' a c o u s t i q u e .  Le 
c h a p i t r e  1 i n t r o d u i t  l e s  é q u a t i o n s  de 
p r o p a g a t i o n .  Au c h a p i t r e  2 on t r o u v e  
1 ' é q u a t i o n  d ' o n d e  e n  c o o r d o n n é e s  
c a r t é s i e n n e s  e t  s e s  s o l u t i o n s  a i n s i  que

l a  p r o p a g a t i o n  du son dans  l e s  g u i d e s .  
L ' é q u a t i o n  d ' o n d e  en  c o o r d o n n é e s  
s p h é r i q u e s  e t  c y l i n d r i q u e s  e s t  t r a i t é e  au 
c h a p i t r e  3.  Le c h a p i t r e  4 s e  c o n s a c r e  à 
l a  mécan i que  des  m i l i e u x  c o n t i n u s  e t  
l ' a c o u s t i q u e  - d é f o r m a t i o n s ,  c o n t r a i n t e s ,  
é q u a t i o n  de S t o k e s - N a v i e r , l o i  de Hooke,  
é q u a t i o n  de  l a  t h e r m o d y n a m i q u e ,  
é q u a t i o n s ,  d e  c o n t i n u i t é  e t  a u x  
d i s c o n t i n u i t é s  de l a  méc a n i que .  La 
p r o p a g a t i o n  en mi l i e u  d i s s i p a t i f  f a i t  l e  
s u j e t  du c h a p i t r e  5 e t  i n c l u t  l e s  
p r i n c i p a u x  m é c a n i s m e s  d ' a b s o r p t i o n  
a t m o s p h é r i q u e ,  l e s  p h é n o m è n e s  
d ' a m o r t i s s e m e n t  dans l e s  p e t i t e s  c a v i t é s  
e t  l e s  s o l u t i o n s  p o u r  l e s  f l u i d e s  
v i s c o - t h e r m i q u e s . F i n a l e me n t  l e  c h a p i t r e  
6 é l a b o r e  l e s  pr oblèmes  aux l i m i t e s  de 
l ' a c o u s t i q u e  - p r ob l èmes  de D i r i c h l e t ,  
Neumann e t  m i x t e ,  s o l u t i o n  de l ' é q u a t i o n  
de  H e l m h o l t z ,  f o n c t i o n  de  Gr e e n  e t  
r é s o n a t e u r  de He l mho l t z .

Le second  p a r t i e  c o n t i e n t  q u a t r e  
c h a p i t r e s  e t  a p p l i q u e n t  ces  t h é o r i e s  à 
d e s  p r o b l è m e s  f o n d a m e n t a u x  d e  
1 ' a c o u s t i q u e .  Le c h a p i t r e  7 s e  c o n s a c r e  
aux t h é o r i e s  de l a  d i f f r a c t i o n  al o r s  que 
l e  c h a p i t r e  8 t r a i t e  de l a  t r a n s p a r e n c e  
a c o u s t i q u e .  Le c h a p i t r e  9 i n t r o d u i t  l e s  
n o t i o n s  de l ' a c o u s t i q u e  des  s a l l e s  
t h é o r i e  o n d u l a t o i r e ,  t h é o r i e  s t a t i s t i q u e  
e t  l e s  champs  a c o u s t i q u e s  d i f f u s .  
F i n a l e me n t  l e  d e r n i e r  c h a p i t r e  c o n t i e n t  
une v a r i é t é  de s u j e t  don t  l ' a c o u s t i q u e  
n o n  l i n é a i r e  d a n s  l e s  f l u i d e s ,  
l ' a c o u s t i q u e  de s  m i l i e u x  m o b i l e s ,  
1 ' a p p r o x i m a t i o n  g é o m é t r i q u e  e t  
1 ' a é r o a c o u s t i q u e .

La m a t i è r e  e s t  a b o r d é e  de façon  
s y s t é m a t i q u e  dans  un s t y l e  qui  e s t  b i e n  
c l a s s i q u e .  En géné r a l  l e  t r a i t e m e n t  e s t  
c o m p l e t .  Le seul  r e g r e t  q u ' o n  p o u r r a i t  
a v o i r  c ' e s t  que l e  l i v r e  s ' i n s p i r e  peu de 
p r o g r è s  e t  c o n n a i s s a n c e s  r é c e n t s  dans 
p l u s i e u r s  d o m a i n e s  de  l ' a c o u s t i q u e .  
Cependant  i l  en demeure que ce l i v r e  
t r o u v e r a  s a  p l a c e  d a n s  t o u t e s  
b i b l i o t h è q u e s  parmi l e s  nouveaux volumes 
d ' a c o u s t i  que .

Gi l l e s  Da i g l e
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CANADIAN ACOUSTICAL PUBLICATIONS

PUBLISHED CANADIAN ACOUSTICAL MATERIAL IS L ISTED BELOW AS AN 
INFORMATION SERVI CE.  PLEASE INFORM THE EDITOR OF OTHER NEW CANADIAN 
ACOUSTICAL PUBLI CATI ONS.

Title Publisher (& Address if not a Journal)
Author(s) Reference S Date

Precise Measurement of Phase Difference J. Acoust. Soc. Am. 75(3), 967 (1984)

and the Amplitude Ratio of Two Coherent 
Sinusoidal Signals

G.W.K. Wong

Under Ice Measurements of the Noise J. Acoust. Soc. Am. 75(3), 1005

Produced by a Helicopter and a Tracked (1984)
Vehicle

P. deHeering and B.F. White

J. Aud. Eng. Soc. 32(3), 106 (1984)

Division of Building Research 
National Research Council Canada 

Ottawa, Ontario, Canada K1A 0R6

Building Research Note 213 (1984)

Resolution Below the Least Significant 
Bit in Digital Systems with Dither

J. Vanderkooy and S.P. Lipshitz

Dynamic Response of a Gymnasium Floor 

J.H. Rainer

Comparison of Outdoor Microphone J. Sound Vib. 92(4), 559 (1984)

Locations for Measuring Sound Insulation 

of Building Facades

F.L. Hall, M.J. Papakyriakou and 
J.D. Quirt

A Reverberation Room Round Robin of the Division of Building Research
Determination of Absorption Coefficients National Research Council

(by U. Kath) Ottawa, Ontario, Canada K1A 0R6

Translated by: A.C.C. Warnock Technical Translation 2079
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CANADIAN ACOUSTICAL PUBLICATIONS

RECENTLY P U B L I S H E D  CANADIAN A C O U S T I C A L  M A T E R I A L  I S  L I S T E D  BELOW AS AN 
INFORMATION S E R V I C E .  PLEASE INFORM THE E DI TO R OF OTHER NEW CANADIAN 
AC OU S TI C AL  P U B L I C A T I O N S .

Title 

Author(s)
Publisher (& Address if not a Journal) 
Reference & Date

Causes of Systematic Deviations From 
"True" Values of Absorption Coefficients 
Measured in Reverberation Rooms 
(by W. Kuhl)

Translated by: A.C.C. Warnock

Division of Building Research 
National Research Council Canada 
Ottawa, Ontario, Canada K1A 0R6

Technical Translation 2080

Sound Absorption of Theatre Chair 
Components

J.S. Bradley

Division of Building Research 
National Research Council Canada 
Ottawa, Ontario, Canada K1A 0R6

Building Research Note 208

A Calibrator for Noise Dosimeters 

A. Behar

Applied Acoustics
Vol. 16, No. 6, pp. 471-478 (1983)

Sound Transmission Loss of Masonry Walls 

A.C.C. Warnock and D.W. Monk

Division of Building Research 
National Research Council Canada 
Ottawa, Ontario, Canada K1A 0R6

Building Research Note 217

The 1982 New Brunswick Earthquakes: 
Survey of Building Damage

G. Pernica and A.H.P. Maurenbrecher

Division of Building Research 
National Research Council Canada 
Ottawa, Ontario, Canada K1A 0R6

Building Research Note 198

Vancouver International Airport 
Engine Run-Up, Noise Analysis 
March 1982 - April 1983

Transport Canada
Air Navigation Systems Requirements 

Planning 
800 Burrard Street 
Vancouver, British Columbia 
V6Z 2J8

TP5531E, June 1984



NOW AVAILABLE

jAl5Slp*

INDUSTRIAL NOISE 

CONTROL MANUAL
(CÂÂ reprint of the original NIOSH manual)

This MANUAL c o n ta in s  basic  in fo rm a tio n  on 
u n d e rs ta n d in g , m easu rin g , and  co n tro lling  
no ise , an d  m ore  th a n  60  a c tu a l  case  h is to r ie s  
of in d u s tr ia l  no ise  co n tro l p ro jec ts . I t  is 
w rit te n  fo r p e rso n s  who have h ad  l i t t le  or 
no  experience  in  no ise  con tro l. Inc luded  are  
sec tio n s  on noise con tro l, acoustic  m a te ria ls ,  
an d  th e  choice  of a  c o n su lta n t.

SINGLE COPIES ........ $20.00 E X E C U TIV E  S E C R E TA R Y :

Volume Discounts Available
D.A . Banwell

Health and Welfare Canada, R.P.B. 

Environmental Health Centre 

Room 233, Tunney's Pasture

Send Requests With Payment To : Ottawa.om
K1A 0L2  

(613) 995-9801
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Canadian Association 
Electrical Canadienne de 
Association l’Electricité

Engineering & Operating Division Research & Development Division

Seminar On Quebec Hilton Hotel
Quebec City 
Quebec, Canada

m . . . .  . .  . r -  - r  • * • October 31, 1984
Audible Noise From Transmission Lines 9.00 am to 5 Pm
This one day seminar will be of interest to those involved in audible noise measurement, the environmental effects of 
noise, the setting of design standards for transmission lines and the route selection and approvals process for new 
lines. The main themes will be:

•  Results of recent research on the environmental •  Utility design standards 
effects of transmission line audible noise

•  Dealing with Noise complaints along rights-of-way •  Regulatory Standards & trends 

Speakers Include:

•  J.E.K. Foreman Faculty of Engineering Science, University of Western Ontario, presenting results of over
5 years of research on classification of corona sound from AC lines and the attitudinal 
response of people.

•  T.J. McDermott New York Power Authority and
D.A. Driscoll Public Service Commission, State of New York, presenting experience with noise

measurement and noise complaints along 765 kV transmission rights-of-way

•  A.J. Lees B.C. Hydro, presenting the current status of utility and regulatory standards and future
trends

•  P.S. Maruvada Institut de Recherche d'Hydro-Quebec (I.R.E.Q.), presenting the results of psychoacoustic
studies of audible noise from D.C. transmisson lines.

•  J.R. Stewart Power Technologies,Incorporated (PTI), reviewing current analytical techniques for predicting
noise levels and attenuation patterns for AC and DC transmission lines.

Papers:

A summary of each presentation will be available at the seminar for each participant.

Accommodations:

Please make your own arrangements directly with the Quebec Hilton Hotel -  Telephone (418) 647-2411. You should 
advise that you are attending the CEA meeting to get the conference rate. Reservations should be made before 
October 1, 1984.

Seminar Registration:

•  No registration fee

•  Simply fill out the attached seminar registration form and mail before October 1, 1984

FOR FURTHER INFORMATION CONTACT: Mr. G.L. Wortman Telephone: (416)592-4827
Chairman, Right-of-Way Section Telex: 06-217662
Engineering & Operating Division, CEA
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FROM METROLOGGERS TO 
PERSONAL COMPUTER . . .
Provides
enhanced
computer
generated
documen
tation

of test identification, enabling you, for example, to 
call up all measurements of a given variable, in a 
given location, in a given month. Or, you might 
simply request all noise dosimetry tests for an indi
vidual worker.

Metrosoft is one, neat software package for 
occupational health surveillance. Call or write today 
for your copy of our new 4-page brochure.

Computerizes 
your industrial hygiene 
recordkeeping and analysis

Metrosoft software enables you to transfer industrial 
hygiene and pollution data directly from 
Metrologgers to popular personal computers.

Noise exposure data from db-301 Metrologgers, 
information on toxic and combustible gases, organic 
vapors, air contaminants and much more is available 
from standard environmental monitors, via dl-331 
Universal Data Loggers and other compatible 
instruments.

The hook-up couldn’t be more simple. A single 
cable delivers data directly from logger output to the 
computer. Metrosoft’s floppy disc program takes over 
from there.

Metrosoft is user-friendly and is menu-driven. It 
recognizes the type of logger, its program and model 
number. The operator merely inputs personnel data 
and identifies the test variable. No prior computer 
experience is required.

Summary time histories and exposure data are 
displayed and are available on hard copy; graphs can 
be plotted in condensed and detailed format. All data 
is stored on floppy discs, saving filing space.

Sophisticated archiving and search routines give 
broad flexibility for examining data sub-groups, long 
after tests are completed. You are allowed four fields

Creates a data 
base of archived data for 
future analysis, correlation and review

REPRESENTED IN CANADA EXCLUSIVELY BY

LEVITT-SAFETY LIMITED
33 Laird Drive, Toronto, Ontario M4G 3S9

METROBONICS INC.
GENERAL PRODUCTS DIVISION
P.O. BOX 23075 ■  ROCHESTER, N.Y. 14692 ■  716-334-7300

The New Generation 
O f Noise Analyzers

QQ AMPUCC TURHI ir,U H I IT TANlAnA



SEM AINE CANADIENNE  
D AC O U STIQ U E  

Québec 22 au 26 octobre 1984 
( Hotel Château Frontenac )

PROGRAMME

Lundi 22 octobre:

8h30 Enregistrement aux séminaires [1] e t  [ 2 ]  (U niversi té  
Laval )

9h30 Début des séminaires  
11h30 Buffe t  (Univers i té  Laval)
19h30 C.S.A. Chairmen's Meeting (Hôtel Château Frontenac) 

Mardi 23 octobre:

9h00 C.S.A. Main Committee (Hôtel Château Frontenac)
9h30 D ébut  de  l a  d e u x i è m e  s e s s i o n  d e s  s é m i n a i r e s  

(Universi té  Laval)
11 h30 Buffe t  (Universi té  Laval)
13h00 Reprise des séminaires
16h30 Table ronde sur l ' in ten s im ét r ie  acoustique (Universi té  

Laval )
19h30 CAC/IS0-TC43/SC2 Committee (Hôtel Château Frontenac) 

Mercredi 24 octobre:

8h00 Enregistrement au Symposium (Hôtel Château Frontenac) 
8h30 Début des travaux du Groupe su r  l 'expos it ion  au b r u i t  

pendant le  t r a v a i l  e t  su r  la  p ro tec t ion  de l ' a u d i t i o n  
9h00 Ouverture de l 'expos it ion  technique 
9h00 Début des  s e s s i . a a s —1,- 2 e t  3 des c o n fé re n c e s  (H ô te l  

Château Frontenac)
12h00 B u f f e t ... ( R e s t a u r a n t  Le Champla in ,  c o m p r i s  dans

l ' i n s c r ip t i o n )
13h30 Reprise des se ss ions  4, 5 e t  6
20h00 CAA. Directors'  Meeting (Hôtel Château Frontenac) 

Jeudi 25 octobre:

9h00 P o u r s u i t e  des s e s s i o n s ,  7 e t  8 (H ô te l  C hâ teau  
Fronten ac)

12h00 B u f f e t  ( R e s t a u r a n t  Le Cham pla in ,  c o m p r i s  dans 
l ' i n s c r ip t i o n )

13h30 Conférence p léniere  ( s a l l e  Jacques -C ar t ie r )
16h30 Assemblée annuelle  de l 'A s s o c i a t i o n  ( s a l l e  J a c q u e s -  

C a r t i e r )
19h30 Banquet annuel e t  concer t  ( s a l l e  de bal du Château) 

Vendredi 26 octobre:

9h00 P o u r s u i t e  des s e s s i o n s  9, 10 e t  11 (H ô te l  C hâ teau  
Frontenac)

17h00 Fin des travaux du Groupe sur  l ' ex p o s i t io n  au b r u i t  
pendant l e  t r a v a i l  e t  sur  la  p ro tec t ion  de l ' a u d i t io n  

17h00 Fermeture de l 'expos it ion  technique

snranvi m

Le Symposium se  t ien d ra  c e t t e  année au Château Frontenac a 
Québec les 24, 25 e t  26 octobre.

Les c o n fé re n c e s  s e r o n t  données de 9h00 a 16h30 en deux ou 
t r o i s  se ss ions  p a r a l l è l e s ,  en tenant  compte des themes s u i 
vants:

[A] Techniques d'iilunl.il ictil ion du b r u i t  (J. Nicolas)
[BJ Réduction du b r u i t  (Y. Champoux)
[CJ Acoustique p ré v is io n n e l le  e t  matériaux (G. Lemire)
[D] Métrologie  acoustique  (G. Wong)
[E] Bru i t  e t  a u d i t io n  (R. Hétu)
[F] Physio e t  psycho-acoustique (N. Lalande)
[GJ Phonation e t  pe rcep tion  (M. Boudreaul t )
[H] Acoustique a r c h i t e c tu r a l e  (J .  Rennie)
[ I J  Ecrans e t  b r u i t  communautaire (M. Amram e t  G. Migneron)

De p l u s ,  l ' a p r è s - m i d i  du 25 o c to b r e  s e r a  c o n sa c ré e  à une 
c o n f é r e n c e  p l é n i e r e  qu i  r é u n i r a  d i f f é r e n t s  c o n f é r e n c i e r s  
in v i té s  de 13h30 à 16h30.

Tel que mentionné aux auteurs ,  l es  a r t i c l e s  sommaires de 2 
pages r e l a t i f s  aux exposés son t attendus pour l e  7 septu è i c
1984, de t e l l e  manière que l'on p u isse  d i s t r i b u e r  les  no tes  
correspondantes a tous l e s  p a r t i c ip a n t s  avant le début du 
Synpos ium.

Le banquet annuel se ra  se rv i  dans la grande s a l l e  de bal du 
Château Frontenac e t  sera accompagné d'un concer t  de musique 
de chambre organisé  par le Conservato ire  de musique de Qué
bec. Une exposi t ion  technique  d'équipements de mesure e t  de 
matériaux acoustiques se t iend ra  p a ra l l è l em e n t  au Symposium, 
p lu s ieu r s  compagnies on t  déjà accepté d'y p a r t i c ip e r . '

Les f r a i s  d ' i n s c r i p t i o n  au Symposium s o n t  de $125.00, i n 
c luan t  les  notes  des conférences, les  pauses caf$  les buf
f e ts  des 24 e t  25 octobre  e t  le  banquet annuel du jeudi  25 au 
so i r .

SEMINAIRE [1J 

L'ACOUSTIQUE GENERALE ET LE CONTROLE DU BWÎT

Coordonnateur: Yvan Charpoux

Ce séminaire  s 'ad resse  aux pro fess ionne ls ,  p r incipa lem ent  du 
Qjébec, qui oeuvrent  dans les domaines de l 'hygiène indus
t r i e l l e  du génie ,  de l ' a r c h i t e c t u r e  ou de l 'u r b a n i s m e .  I l  
sera  donné en f r a n ç a is  e t  se  t ien d ra  les  22 e t  23 octobre  de 
9h30 à 17h00 à l 'U n ivers i té  Laval.

PROGRANME

Lundi 22 oc tobre :

-  In t roduct ion  a l 'acoust ique  (Yvan Champoux)
-  Réglementation, e f f e t  du b r u i t  e t  p ro tec t ion  des t r a v a i l 

leurs  (Raymond Hétu)
-  Acoustique a r c h i t e c tu r a l e  (James Rennie)

Mardi 23 octobre :

-  Réduction du b r u i t  (Jean Nicolas)
-  Acoustique urba ine (Jean-Gabrie l  Migneron)
-  Ins t rum en ta t ion  e t  matériaux acoustiques (René Archambault 

e t  Yvan Champoux)

F ra is  d ' i n s c r i p t i o n  au Séminaire [1J:  $175.00
( i n c l u a n t  l e s  n o t e s  de c o u rs ,  l e s  deux b u f f e t s  s e r v i s  a 
l 'U n iv ers i té  Laval e t  l 'autobus e n tre  le  Château Frontenac e t  
1 ' Universi t é ) .

In sc r ip t i o n  après le 6 oc tobre :  $200.00
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SEMINAIRE [2]

L'INTENSIHLTRIE ACOUSTIQUE ET S B  APPLICATIONS

Coordonnateur: Jean Nicolas

Ce séminaire s 'adresse à toutes les personnes intéressées par 
l ' in tensimétrie ,  ses théories e t  techniques e t  ses nouvelles 
applications. Il sera  donné en an g la is  e t  se tiendra les 22 
e t  23 oc tobre  de 9h30 à 1 7h00 à l 'U n iv e r s i t é  Laval. Plu
sieurs  compagnies doivent fournir  du matériel de démonstra
tion et pa r t ic ip e r  activement aux conférences. Suite à la 
présentation des applicat ions par différents invités, i l  e s t  
prévu que la s e s s io n  se te rm ine  su r  une ta b le  ronde qui 
confrontera les d if féren tes  expériences e t  approches.

PROGRAMME 
Lundi 22 octobre:
-  I n t r o d u c t i o n  t h é o r i q u e  ( J . '  N ic o l a s ,  U n iv e r s i t é  de 

Sherbrooke): déf in i t ion ,  p r in c ip e s ,  c a lc u ls ,  p réc is ion ,  
instrumentation

-  Sondes in tensimétriques (G. Krishnappa, N. R. C., Ottawa)
-  Applications e t  démonstration (J .  Pope, Bruël & Kjaer, USA)
-  Mesure de la puissance acoustique, application aux machines 

à éc r i re  (M. 0. Crocker, Auburn University, USA)
Mardi 23 octobre:
-  Holographie acoustique e t  antennes (R. Seznec, Metravib, 

France)
-Mesure du c o e f f ic ien t  d'absorption (J.-F. Allard, Univer

s i té  du Mans, France)
-  Analyse des p e r t e s  de t r a n s m is s io n  (J. Roland, C.S.T.B., 

France)
-D é m o n s t ra t io n  d ' u t i l i s a t i o n  des antennes (0. Mourcia, 

Metravib, France)
-  Intensimétrie e t  vibration (G. Rasmussen, Bru'èl & Kjaer, 

Danemark)

Frais d ' in s c r ip t io n  au Séminaire [2]: $325.00
( i n c lu a n t  le s  no tes  de cours , le s  deux b u f f e t s  s e r v i s  a 
l'Université Laval e t  l'autobus entre  le  Château Frontenac e t  
11 Universi té ).

Inscrip tion  après le 15 septembre: $375.00

COMITE ORGANISATEUR

Jean-Oabriel Migneron (organisation générale)
Jean Nicolas (conférenciers)
Cameron Sherry (président A.C. A. )

SECRETARIAT

Line Pouliot ( tou te  correspondance)
Centre de recherches en aménagement e t  en développement 
1624 Pavil lon Félix-Antoine-Savard, Université Laval 
Qjébec, P.Q., G1K 7P4
Tel (418) 656-7558

INFORMATIONS

Organisation générale 
e t exposition technique:

Conférences et 
Séminaire [2]

Sémi naire [1 j:

Jean-Gabriel Migneron 
(418) 656-7558 
(418) 839-0101 (soir)

Jean Nicolas 
(819) 565-4479

Vvan Champoux 
(819) 565-4492

RIWLE D1 INSCRIPTION 
SEMAINE CANADIENNE D'COJSTIQŒ 
Québec 22 au 26 octobre 1981

NOM:

C0MPAGNIE0U ORGAN ISME: 

ADRESSE:

CODE POSTAL:

SIGNATURE:__

CWTE:

TELEPHONE:

Pr i l re  de m 'inscrire  aux a c t iv i té s  suivantes:

SEMINAIRE [1] (Acoustique générale 
e t  contrôle du b ru i t)

SEMINAIRE [2] (Intensimétrie e t  applications)

SYMPOSIUM (incluant les notes des conférences, 
deux repas e t  le banquet annuel)

SYMPOSIUM ( s ta tu t  d 'é tudiant régul ièrement in s c r i t )

Inscrip tion  supplémentaire pour le banquet annuel

Exemplaire supplémentaire des notes de conférences

TOTAL:

Je compte ré s e rv e r  une cha|)Jÿ"eau Château 
Frontenac (nu i t  simple: $63.)
( l e s  c a r t e s  de r é s e rv a t io n  de l 'H ôte l  sont 
jo in tes  au présent envoi)

Je ccmpte venir acconpagné(e)MBf

$175. □

$325. Q

$125. □

$ 50. □

$ 30. Q

$ 10. □

□

□
Les personnes qui le  désirent peuvent s'assurer tout de su i te  

^de leu r  i n s c r i p t i o n  en jo ig n a n t  un chèque à l 'o r d re  de: 
"Senaïne Canadienne d 'A coistiq ie  -  Québec 19BC

à 1 'a t ten tion  de Jean-Gabriel Migneron 
CRAD, 1624, pavillon Félix-Antoine-Savard 

Université Laval 
Québec, P.Q., G1K 7P4

(*) Apres le  6 oc tobre ,  le s  f r a i s  d ' i n s c r i p t i o n  au 
Séminaire [1] seront portés à $200.

(**) Après le  15 septembre les  f r a i s  d ' i n s c r ip t io n  au 
Séminaire [2] seront portés à $375.

(***) Le prix spécial pour une occupation double e s t  de $77. 
Apres le  22 septembre, le s  ré se rv a t io n s  au p r ix  
spécial dépendront de la disponibi l i té  de l'hôtel.
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A C O U S T IC S  WEEK
IN C A N A D A  

October  2 2 - 2 6 ,  1984 

Quebec C i ty
( Château Frontenac Hotel  ) 

PN06R/M

Monday October 22:

0830 R eg is tra t ion  Seminars [1] and [2] (Laval U nivers i ty )
0930 Seminars begin
1130 Buffet (Laval Univers i ty )
1930 C.S.A. Chairmen's Meeting (Château Frontenac)

Tuesday October 23:

0900 C.S.A. Main Comnittee (Château Frontenac)
0930 Seminars -  Day 2 (Laval U nivers i ty )
1130 Buffet (Laval Universi ty)
1300 Seminars continue
1630 Round t a b l e  on A c o u s t i c a l  I n t e n s i m e t r y  (Laval  

Universi ty )
1930 CAC/IS0-T43/SC2 Coimiittee (Château Frontenac)

Wednesday October 24:

0800 Syrrposium R eg is t ra t ion  (Château Frontenac)
0830 Working Group on O c c u p a t io n a l  Noise  Exposure  and 

Hearing Conservation begin 
0900 Exhibit ion opens
0900 Sessions 1, 2 and 3 of Synposiun (Château Frontenac) 
1200 B u f f e t  ( R e s t a u r a n t  Le C h a m p l a in ,  i n c l u d e d  i n  

r e g i s t r a t i o n  fee)
1330 Sessions 4, 5 and 6 of  Synposiun
2000 C.A.A. D i re c to r s '  Meeting (Château Frontenac)

Thursday October 25:

0900 Sessions 7 and 8 o f  Symposium
1200 B u f f e t  ( R e s t a u r a n t  Le C h a m p l a i n ,  i n c l u d e d  i n  

r e g i s t r a t i o n  fee)
1330 Plenary sess ion  (Jacques-C ar t ie r  Hall)
1630 C.A.A. Annual General Meeting (Jacq u es-C a r t ie r  Hall)  
1930 Annual Dinner (Château Frontenac Ball -rocm)

Friday October 26:

0900 Sessions 9, 10 and 11 of Synposium (Château Frontenac) 
1700 Working Group on O c c u p a t io n a l  Noise  Exposure  and 

Hearing Conservation end 
1700 Exhibit ion c loses

1984 SYMPOSIUM

T h is  y e a r  t h e  Symposium w i l l  be h e ld  in  Quebec C i ty  on 
October 24 , 25 and 26.

P ap e rs  w i l l  be g iv en  from 0900 lo  1630 in  two o r  t h r e e  
p a r a l l e l  sess ions and w i l l  deal with the fo l lowing topics:

[AJ Noise I d e n t i f i c a t io n  Techniques ( J .  Nicolas)
[B] Noise Reduction (Y.Champoux)
[C J P red ic t ion  models and m ate r ia ls  (G. Lemire)
[D] Acoustical  Metrology (G. Wong)
[E] Noise and Hearing (R. Hétu)
[FJ Physio and Psychological Acoust ics (N. Lalande)
[G] Speech Analysis and Perception  (M. Boudreault)
[HJ A rc h i te c tu ra l  Acoust ics ( J .  Rennie)
[ I ]  Barr ie rs  and Environmental Noise (M. Amram & 6, Mi-gneron)

In add i t io n ,  the  a f te rnoon o f  October 25 w i l l  be devoted t o  a 
p lenary  sess ion  f o r  a l l  p a r t i c ip a n t s  from 1330 t o  1630.

As announced t o  t h e  a u t h o r s ,  t h e  2 -p ag e  a r t i c l e  t h a t  
summarize t h e i r  paper are  e x p ected  fo r  Septem ber 7 ,so t h a t  
these  can be d i s t r i b u t e d  t o  p a r t i c ip a n t s  before,  the  beginning 
of the Symposium.

The annual d inner  w i l l  take  place  in the Grand Ball-room o f  
the  Château Frontenac and w i l l  be accompanied by a concer t  o f  
chamber  m u s ic  o r g a n iz e d  by th e  Quebec C o n se rv a to ry .  An 
e x h ib i t io n  o f  acous t ica l  m a te r ia l s  and measuring ins t ruments  
w i l l  be h e ld  a t  t h e  same t im e  as  t h e  Symposium. S e v e ra l  
companies a re  a l read y  r e g i s t r e d  fo r  t h i s  exh ib i t ion .

R e g i s t r a t i o n  f e e s  ( i n c l u d i n g  sum m arie s  o f  p a p e r s ,  c o f f e e  
breaks , '  b u f f e t  d inners  on October 24 and 25 and one d inner  
t i c k e t  f o r  the CAA annual d inner  on October 25) a re  $125.00,

SEMINAIRE [1 ]

GENERAL ACOUSTICS AM) NOISE CONTROL

Seminar Leader: Yvan Champoux

This seminar i s  intended for  pnofess iona Is working in  the 
f i e l d s  of Hygiene, Engineering,  A r c h i t e c t u r e  and Urbanism 
(mainly  in Québec). I t  w i l l  be given in  French on October 22 
and 23 from 0930 t o  1700 a t  Laval I h iv e r s i t y .

OXKSE OUT Li HE

Monday October 22:

-  In t roduct ion  t o  Acoust ics (Yvan Champoux)
-  Norms, E f fec t  of Noise, and Pro tect ion  o f  Workers (Raymond 

Hétu)
-  A rch i tec tu ra l  Acoustics  (James Rennie)

Tuesday October 23:

-  Noise Reduction (Jean Nicolas)
-  Urban Acoust ics  (Jean-Gabrie l  Migneron)
-  M easu r in g  i n s t r u m e n t s  and A c o u s t i c a l  m a t e r i a l s  (René 

Archambault e t  Yvan Champoux)

Course fee :  $175.00
(inc lud ing  course  notes, 2 b u f f e t  dinners  a t  Laval U n iv e rs i ty
and t r a n s p o r ta t io n  between the u n i v e r s i t y  and the  Château 
Frontenac)

Fee fo r  r e g i s t r a t i o n  a f t e r  October 6: $200.00
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SEMINAR [2]

ACOUSTICAL INTBJSIHETRY ARID ITS APPLICATIONS

Seminar Leader: Jean Nicolas

T h i s  s e m i n a r  i s  i n t e n d e d  f o r  t h o s e  i n t e r e s t e d  i n  
in tens im etry ,  both on the  level of  th eo ry  and technique and 
on t h a t  of new p r a c t i c a l  a p p l ic a t io n s .  I t  w i l l  be given i n  
E n g l i s h  O c to b e r  22 and 23 f rom  0930 t o  1700, a t  Laval 
U n i v e r s i t y .  S e v e ra l  companies w i l l  provide m ate r ia l s  fo r  
demonstra t ions and p a r t i c i p a t e  in  the  seminar. A fter  the 
p re sen ta t io n  of p r a c t i c a l  a p p l ic a t io n s ,  the seminar w i l l  end 
w i th  a round  t a b l e  w here  t h e  v a r i o u s  e x p e r im e n t s  and 
approaches can be confronted.

CORSE own IE
Monday October 22:
- T h e o r e t i c a l  i n t r o d u c t i o n  ( J . . N i c o l a s ,  S h e r b r o o k e  

U n i v e r s i t y ) :  d e f i n i t i o n ,  p r i n c i p l e s ,  c a l c u l a t i o n ,  
p rec is ion ,  in s t rum en ta t ion

-  Sound i n t e n s i t y  probes (G. Krishnappa, N.R.C., Ottawa)
-  A p p l i c a t i o n s  and d e m o n s t r a t i o n  ( J .  Pope,  Bruël & K jaer ,  

USA)
-  Sound power measurement a p p l ic a t io n  to type w r i t e r s  (M.J. 

Crocker, Auburn U n ivers i ty ,  USA)
Tuesday October 23:
-  Holography and antennas (R. Seznec, Metravib, France)
-  Absorption c o e f f i c i e n t  measurement (J.-F. Allard ,  Le Mans 

Univers i ty ,  France)
-  Sound t r a n s m i s s i o n  l o s s  v i a  sound i n t e n s i t y  (J. Roland, 

C. S. T. B. , France )
-  Demonstration on sound i n t e n s i t y  and antennas (0. Mourcia, 

Metravib, France)
-  V ibra tiona l  i n t e n s i t y  and gated i n t e n s i t y  (G, Rasmussen, 

Bruël & Kjaer, Denmark)

Course fee:  $325.00
( inc ludes  course  notes ,  2 b u f fe t  d inners  a t  Laval U n ivers i ty
and t r a n s p o r ta t io n  between the  u n i v e r s i t y  and the  Chateau 
Frontenac)

Fee fo r  r e g i s t r a t i o n  a f t e r  September 15: $375.00

ORGASaZIKE OTtHTTEE

Jean-Gabriol Migneron (o v e r a l l  o rgan iza t ion )
Jean Nicolas ( l e c t u r e r s )
Cameron Sherry (CAA p re s id e n t )

SECRETARY

Line Pou l io t  ( a l l  correspondence)
Centre de recherches  en aménagement e t  en développement 
1624 Pavillon  Fél ix-Antoi ne-Savard, U n iv e rs i té  Laval 
Québec, P.Q., G1K 7P4 
T e l . :  (418) 656-7558

mrontATioN

General and Jean-Gabrie l  Migneron
Exhibit ion:  (418) 656-7558

(418) 839-0101 (evenings)

Lectures and Jean Nicolas
Seminar [2]:  (819) 565-4479

Seminar [1J: Vvan Champoux
(819) 565-4492

REGI STRATI (H FOW 
ACOUSTICS WEEK IN CANADA

Québec C ity. October 22-26. 138Î

NAME:____________________________________________

COMPANY OR ORGANIZATION: __________________

ADDRESS:

POSTAL CODE: ______________________ TELEPHONE: ___

SI GNATUR E:_________________________________________

DATE :_______________________________.

Please r e g i s t e r  me fo r  the fol lowing a c t i v i t i e s

SEMINAR [1] (Acoust ics and Noise Control)*

SEMINAR [2] ( In tens im e try  and i t s  Applications)**

SYMPOSIUM (inc lud ing  l ec tu re  notes ,  2 meals and 
annual d inner)

SYMPOSIUM (s tuden t  r e g i s t r a t i o n )

CAA Annual Dinner (ex tra  t i c k e t s )

Extra copy o f  l e c tu re  notes

TOTAL:

I plan t o  rese rve  a rocrn a t  the Château 
Frontenac ( s in g l e  rocm: $63.)***
( re se rv a t io n  s l i p s  fo r  the Château Frontenac are 
included)

I will  need accomodations for  two

Those who wish can r e g i s t e r  immediately by enclosing a cheque 
payable to:

"ACOUSTICS WEEK IB CANADA -  QUEBEC CITY 1984"
and forwarding i t  to Jean-Gabriel Migneron 

CRAD, 1624 Pavillon  Félix-Antoine-Savard 
Univers i té  Laval 

Québec, P.Q.-, G1K 7P4

0
(*) A fte r  October 6, r e g i s t r a t io n  fees fo r  the seminar [1] 

w i l l  be $20Q00.
(**) A fter  September 15, r e g i s t r a t io n  fees fo r  the  seminar 

[2J w i l l  be $375.00.
(***) The spec ia l  r a t e  fo r  a double room i s  $77.00. A fte r  

September 22, the spec ia l  r a te  w i l l  be condit iona l  on 
the avai labi l i t y  of rooms.

$175. □

$325. □

$125. □

$ 50. □

$ 3o. □

$ io. □

□
□
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SESSION (A) TECHNIQUES D'IDENTIFICATION DU BRUIT

Président de séance 
J .  Nicolas 

G.A.U.S.
Génie mécanique 

Universi té de Sherbrooke 
Sherbrooke (Québec)

J1K 2R1

SEM AINE C AN AD IEN N E
D A C O U S T IQ U E  

Québec 22 au 26 octobre 1984 

( Hotel Château Frontenac )

A C O U S T IC S  WEEK
IN C A N A D A  

O ctober  2 2 - 2 6 ,  Î9 8 4  
Quebec C i ty

( Château Frontenac Hotel

Al. "Gated In tens ity  Measurements", G. Rasmussen, Brüel & Kjaer, 
Naerum, Dannemark.

The use of gated i n te n s i t y  measurement is. described and 
a few examples are given.  The technic consi st s  in mea
suring the in te ns i ty  using a small time window during 
a cycl ic  event (diesel  engine a t  any rob i t ing  machine).
By moving that  time window over the e n t i r e  cycle i t  is  
poss ible to obtain a th ree  D frequency spectrum desc r ib 
ing one fu ll  cycle of the event.
This is a very powerful 1 tool  to study noise emission of 
ro ta t ing  or reciprocat ing  machinery and fo r  qua li ty con
t ro l  o f  engine on a production l in e .

A2. "Computer Simulation of In Situ Sound Power Measurement Via
Sound In tens ity  Measurement", G. Lemire, J .  Nicolas, G.A.U.S. ,  
Génie mécanique, Universi té de Sherbrooke,  Sherbrooke, Qué., 
J1K 2R1.

The measurement of  sound power in s i t u  is one of the most 
important  applicat ions o f  sound in te n s i t y  measurement.
In theory,  the sound power r e s u l t s  simply from the i n t e 
gra t ion  of the normal in te n s i ty  component over a surface 
enclosing the source.  In p r a c t i c e ,  the in tegra tion  is 
approximated by a d i sc re te  sumnation and sound in ten s i ty  
measurement i t s e l f  r e l i e s  on some approximations.  Some 
questions are then r i s i n g :  how many points of  measure
ment?, which type of measurement sur face? ,  e f f ec t  of  per-  
turbat ing  noise sources and/or reverberant  f i e l d ? ,  e f f ec ts  
of the l im i ta t ions  of sound in te n s i ty  measurement?
To study the implications we have implemented a computer 
program th a t  simulates the sound power measurement of  a 
source. Among the var iable  parameters there  are the type 
and size  of su r face ,  the number of po in ts ,  the number, 
type,  s trength  and posi t ion of per tu rba t ing  sources,  the 
phase mismatch of the instrumentat ion,  the microphone 
spacing and the frequency.  Some r e su l t s  wil l  be presented

A3. "Spatial  Transformations of Sound Fie ld s",  0. Roth, J .  Hald, 
Brüel & Kjaer, Naerum, Dannemark.

In t h i s  paper we will  demonstrate t h a t  with a system 
which contains a modified 1/3 octave real  time in ten s i ty  
analyzer connected to a c o n t r o l l e r ,  i t  is. poss ible to 
obtain complete information about the noise f i e ld .  This 
is  made possible by u t i l i z a t i o n  of  a combination of near 
f i e l d  holography and Helmholtz's in teg ra l  equation.
We ca l l  t h i s  technique the "spat ial  t ransformation of 
noise f i e ld s " .
With t h i s  v e r s a t i l e  tool  the engine designer can very 
e a r ly  in the development stage obtain information about 
the noise produced in the f a r  f i e l d .  He can loca te the 
sources on the engine, s imulate an at t enuat ion  of one of 
the sources,  and inves ti ga te  the e f f e c t  of  t h i s  a t t enua 
t ion  on the fa r  f i e l d .
Example of pract ica l  measurements wil l  be demonstrated 
as well as a discussion of problems and l im i ta t io n s .

A4. "Wodal Analysis of  Mechanical Systems by Acoustical Measure
ments",  R.B. Bhat, Concordia Universi ty ,  Mechanical Eng.,
1455 De Maisonneuve Ouest , Montréal , Qué., H3G 1M8.

Mechanical systems rad ia te  sound when they execute v ib ra 
to ry  motion. Sound radia ted by the s t ru c tu re  at  any 
point  is  re la ted  to i t s  ve loc i ty  at  t h a t  po in t .  This 
f a c t  has been used previous ly to es t imate the vibratory  
response of the s t ru c tu re  and to obtain i t s  natural  f r e 
quencies and mode shapes [1]. With the soph is t ica ted  
d ig i t a l  analysis  instrumentation av a i lab le  today,  d e te r 
mination of modal parameters of  a s t ru c tu re  by acoustical  
measurements seems to be a promising technique.
In the present  i n v e s t ig a t io n ,  a simple can t i le v e r  beam is 
exci ted  by impulse method using a commercially avai lable  
modally tuned hammer and s t ru c tu ra l  response is  measured 
using a p iez o e le c t r i c  microphone. The e x c i ta t ion  signal  
is  measured with a t ransducer  f i t t e d  to the impulse ham
mer. Both the force signal  and the response signai  from 
the microphone are fed into a two channel FFT analyzer.  
Transfer  function in the frequency domain is  used to ob
t a in  the natural  frequencies and damping information.  By 
ob taining  such t r a n s f e r  functions at  several  points on 
the s t r u c tu r e ,  and employing curve f i t t i n g  techniques,  
the mode shapes of the s t ru c tu re  are obtained.  These in 
formations are also obtained by measuring the s t ru c tu ra l  
response in the conventional  way using a p iez o e le c t r i c  
accelerometer.  Comparative r e su l t s  by the two methods 
a re  presented.

A5. "Rayonnement acoustique des s t ru c tu re s  en v ib r a t i o n " , J . B. 
Maud, J .  Nicolas,  G.A.U.S. , Génie mécanique, Universi té de 
Sherbrooke,  Sherbrooke, Qué., J1K 2R1.

Le but  du t r av a i l  consis te  3 aborder 1 'étude des s t r u c 
tu res  v ibrantes sous l ' a s p e c t  énergétique e t  ondula to i re ;  
énergé tique :  par la  mesure de l ' i n t e n s i t é  v ib r a t io n n e l l e ;  
ondula to i re :  en cherchant a connaît re  dans une d i rec t ion  
e t  en un point  donnés 1 'onde inc idente e t  1 'onde r é f l é 
ch ie.  L'étude se r e s t r e i n t  tou t  d 'abord aux ondes de 
f lexion e t  aux poutres comme support  de propagation.  La 
mesure de ces paramétres sera  e f fec tuée  à l ' a i d e  d'une 
sonde formée d'un doublet  d ' accé lë romètres . Un analyseur 
deux canaux TFR B & K 2032 e t  un ca lc u la teu r  HP 9826 per
mettront  1 'analyse des signaux e t  leu r tra i tement.
La mesure de l ' i n t e n s i t é  v ib ra t io n n e l l e  permet de manière 
s im i la i r e  â l ' i n t e n s i t é  acoustique là l o c a l i s a t i o n  des 
sources d 'ex c i t a t i o n  de la s t ru c tu re .
La mesure des ondes incidente  e t  r é f léch ie  permet dans le 
cas de la poutre d ' éva lue r  la  ra d ia t ion  acoustique de 
c e t t e  de rn iè re ,  avec un nombre r e s t r e i n t  de mesures.

A6• "Modal Analysis of  Aerodynamic Noise in Large Ducts", M. V. 
Eldada, T.M. Bengisu, C. Chamberland, S i l en te c ,  785 Plymouth, 
Suite 304, Mont-Royal, Qué., H4P 1B2.

Blower low frequency noise propagates in la rge  ducts in 
several  modes. I t  is often necessary to determine the 
energy transpor ted  by each duct  mode. This is the case 
in act ive  noise- control  app l ica t ions .
A computer program was implemented to perform modal ana
ly s i s  in ducts.  I t  is  based on the determination of the 
eigen values of the wave equation in duc ts.  The general 
so lu t ion  allows to express an a r b i t r a ry  complex pressure 
d i s t r ib u t io n  in duct as a l i n e a r  combination of an i n f i 
n i t e  number of eigen functions or duct modes. The or tho 
gona li ty in tegra l  is performed and the f o u r i e r  coef ici en ts  
of the i n f i n i t e  se r i e s  are obtained.  From these  co ef i 
c i e n t s ,  the acous tic  energy d i s t r ib u t io n  over the modes 
is  determined.
An example is exposed. The acous tic  pressure  t r a n s f e r  
function was measured in over a hundred pos i t ions  over 
the cross sec tion  of a 18 f t .  diameter duc t .  This was 
performed with a two channal Fast  Fourier  Transform Analy
se r .  The r e s u l t s  were then fed to a computer loaded with 
the modal analysis  program. The output was a l i s t  and 
i l l u s t r a t i o n  of the acous tic  modes, frequencies and the 
eigen values or the normalised amplitudes of each mode 
in the frequencies of i n t e r e s t .

A7. "Diagnostic Methods to Determine Sources of Underwater Pro
pel 1er Noise", L.J .  Leqqat, N.C. Sponaqle.  Defence Research 
Establishment,  P.O. Box 1012, Dartmouth, N.S. ,  B2Y 3Z7.

The primary course of underwater p rope l l e r  noise from 
sur face  ships i s  cav i ta t ion  which r e s u l t s  from the low 
pressures developed on and near the p rope ll e r  blades.  I t  
i s  generally understood th a t  the noise producing mechanism’ 
is  monopole in nature and r e s u l t s  from the growth and c o l 
lapse of the p rope l l e r  c av i t a t ion  voids.
Because a p ro p e l l e r  develops d i f f e r e n t  forms of c a v i t a t i o n ,  
i t  i s  poss ib le  t h a t  the r e su l t in g  noise may d i f f e r  in in 
t e n s i t y  and spec tra l  content .  To inv es t ig a te  the source 
c h a r a c t e r i s t i c s  o f  p ro pe ll e r  cav i t a t ion  noi se ,  methods 
have been developed to measure the d i s t r ib u t io n  of  acous
t i c  sources in the near f i e l d  of the cav i t a t ing  prope l l e r .  
The apparatus and experimental methods are described which 
allow noise source diagnos tic  i n v es t ig a t io n s .  Results 
from recent  experiments are presented where d i f f e r e n t  
forms of cav i ta t ion  were generated from experimental  
p r o p e l l e r s .  The re su l t s  show trends of the r e l a t i v e  
source st reng th  associated with the c av i t a t io n  froms 
t e s te d  and the development of the noise producing region 
with increas ing  p rope ll e r  power.
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"The Economics of Noise Abatement, W.V. Sydenborgh, 1243 
Redband C r . ,  Oakvi l le ,  O n t . ,  L6H 1Y4.

An in s ig h t  in to  the marketplace,  i t s  magnitude and poten
t i a l  b e n e f i t s .  What should the ro le  o f  the C.A.A. be in 
t h i s  marketplace?

"Noise Control in New Plan t  Design - A Progress Repor t",
P. Nguyen, Noranda Research Centre ,  Pointe C la i re ,  Qué. ,
H9R 1G5.

Over the l a s t  ten y e a r s ,  concerted e f f o r t s  have been made 
by Noranda Group compagnies to control  or  el iminate noise 
problems in e x i s t i n g  opera t ions .  In the case o f  new 
p l a n t s ,  the re  i s  an oppor tuni ty  to control  noise a t  l i t t l e  
or  no ad d i t iona l  c o s t  by taking fu l l  advantage of a v a i l a 
ble p lan t  design and co ns t ruc t ion  options and by purchas
ing "q u ie te r"  equipment.
With t h i s  o b jec t iv e  in mind, Noranda Research Centre,  in 
co l l abo ra t ion  with Corporate Engineering, developed a 
comprehensive procedure fo r  def in ing optimum noise con
t r o l s  in the design and cons t ruct ion  s ta ge .  Key points 
are :

- noise level  p r e d ic t io n s ;
-  i d e n t i f i c a t i o n  of p o ten t ia l  noise problems;
-  noise cont ro l  cos t  e s t im a tion ;
-  d e f i n i t i o n  o f  engineer ing noise co n t ro l s ;
-  noise sp e c i f i c a t i o n s  fo r  new equipment.

This p r esen ta t ion  descr ibes  the r e s u l t s  to  date in ap
plying t h i s  procedure during the engineering of a new 
mine and mill  which i s  scheduled to s t a r t  up a t  the end 
of 1984.

"Application de l ' i n t e n s im é t r i e  a l a  réduction du b r u i t  dans 
une c e n t r a l e  h y d ro -é l e c t r i q u e 1' , B. Gosselin ,  Hamel, Beaulieu 
S Assoc iés ,  place du Centre,  150, rue Marchand, su i t e  600, 
Drummondville, Qué.,  J2C 4N1.

Les techniques d ' i n t e n s i t é  acoustique permettent  de r é 
du i re  ef ficacement  e t  économiquement l e  b r u i t  en usine.
Ces techniques ont  été u t i l i s é e s  pour i d e n t i f i e r  les  
sources de b r u i t  lo r s  de l a  r é a l i s a t i o n  d 'une étude de 
f a i s a b i l i t é  dans une cen t r a le  hy dro-é lec t r ique .
Tout d ' abord ,  chaque type d'équipement su scep t ib le  d ' é 
mett re  une' impor tan te quan t i té  d 'é ne rg ie  acoustique a 
f a i t  l ' o b j e t  d ' i n v e s t i g a t i o n .  Ces in ves tiga tions  c o n s i s 
t a i e n t  â mesurer l a  puissance acoustique avec un analyseur 
d ' i n t e n s i t é  acous tique  r e l i é  5 un o rd ina teu r .  I l  a a lo rs  
é té  poss ib le  d 'é l im in e r  les sources de b r u i t  le s moins 
importantes.
Pour les sources l e s  plus impor tantes,  la  mesure de la 
puissance acous tique  a permis d ' é t a b l i r  cl air ement les  
o b j e c t i f s  de réduct ion  du b r u i t  pour se conformer aux 
règlements e t  c r i t è r e s  e x i s t a n t s .  De p lus ,  l a  ca r to g ra 
phie de l a  r é p a r t i t i o n  de l a  puissance acoustique pour 
chaque source s ' e s t  soldée par une meil leure  i d e n t i f i c a 
t ion  des composantes bruyantes e t  par l e  f a i t  même, par 
l 'emploi  de s o lu t io n  plus appropriée e t  moins onéreuse.

"Réduction du b r u i t  dans les  f i l a t u r e s " , R. Benoît ,  G.A.U.S., 
Génie mécanique, Universi té  de Sherbrooke, Sherbrooke,  Qué.,  
J1K 2R1 .

Le f i la g e  8 anneaux e s t  un des procédé des plus bruyants 
du sec teu r  des t e x t i l e s  pr ima ire s .  Les études a n t é r i e u 
res ont  montré q u ' i l  e x i s te  une t r è s  grande v a r i é t é  de 
modèles de mét ie r  3 f i l e r  e t  une multi tude de paramètres 
qui inf luencent  l e s  c a r a c t é r i s t i q u e s  e t  l e  niveau du 
b r u i t .  Quelques études ont  mis en r e l i e f  l ' impor tance 
r e l a t i v e  des d iver ses  sources de b r u i t .  L ' i n t e ra c t io n  
des broches avec d i f f é r e n t s  types de r a i l s  qui cons t i tue  
dans beaucoup de c a s ,  la  source majeure de b r u i t ,  n 'a  
pas f a i t  l ' o b j e t  d 'é tude  approfondie j u squ 'à  maintenant. 
Cette communication p résen te les o b j e c t i f s  de c e t t e  étude 
e t  la  mise au po in t  du banc d ' e s s a i  t r è s  v e r s a t i l e  e t  né
ce s sa i r e  5 l ' i d e n t i f i c a t i o n  du problème de même q u ' l  
l ' o p t im i s a t io n  des so lu t io n s .  Les r é s u l t a t s  montrent  
q u ' i l  e s t  po ss ib le  de q u a n t i f i e r  l a  puissance acoustique 
de broches e t  de r a i l s .  L'étude via les méthodes d ' i n 
t ens im é tr ie  e t  de cohérence permet de c a r a c t é r i s e r  l ' i n 
t e r a c t io n  de ces sources e t  de mesurer l ' e f f e t  du change
ment d 'un modèle de broche par un a u t r e ,  ou de modifica
t io n  S l a  s t r u c t u r e  du mét ier .  P lusieu rs modèles de bro
ches e t  de r a i l s  sont  étud iés â des v i t e sse s  de ro ta t io n  
e t  dans des cond i t ions s im i l a i r e s  a c e l l e s  qui prév alen t  
dans l ' i n d u s t r i e .  Le montage peut permettre de s é l e c t i o n 
ner une broche plus s i l enc ieuse  e t  moins énergivore .

B5. "Réduction du b r u i t  d 'un a s p i ra t e u r  de t é t e  de métier  3 f i l e r " , 
R. Benoît ,  G.A.U.S. , Génie mécanique, Universi té de sherbrooke,  
Sherbrooke,  Qué.,  J1K 2R1.

Un métier  a f i l e r  comporte p lusi eurs sources de b r u i t .  
L 'a sp i r a t e u r  de t ê t e  s ' e s t  avéré dans p lusi eurs cas une 
source majeure. L ' i n s t a l l a t i o n  d'un si len c ieu x  r é a c t i f ,  
proposé par un f a b r i c a n t  3 cause des con t ra in tes  d ' e s p a 
ce pour l ' i n s t a l l a t i o n  ne r é d u i s a i t  pas l e  b r u i t  s u f f i 
samment. Cette coirmunication présente les  r é s u l t a t s  ob te 
nus avec un s i l enc ieux  de type d i s s i p a t i f  qui a pu ê t r e  
i n s t a l l é  grSce a une légère modification du système, pour 
contourner l e s  problèmes d 'espace d isponible sur la  ma
chine e t  d 'évacu at ion  de l ' a i r .  Le niveau de puissance 
acous tique e s t  é tud ié  en fonction de la  charge du v e n t i l a 
t e u r .  Une réduction supé rieure 3 10 dB(A) de la  puissan
ce acoustique a é té  obtenue su r  un pro to type ,  ce qui éq u i 
vaut 3 l ' é l im in a t io n  de c e t t e  source majeure.  Le s i l e n 
cieux ne modifie pas de façon sensib le  l e s  c a r a c t é r i s t i 
ques d 'o péra t ion  du v e n t i l a t e u r  e t  l ' i n s t a l l a t i o n  respec
t e  les  co n t ra in tes  de production de l ' i n d u s t r i e .

B6. "Noise Attenuation with Exhaust a f t e r  Treatment System on a 
Scooptram a t  Falconbridqes '  Strathcona Mine'1, M.U. Savich 
(Energy, Mines and Resources,  E l l i o t  Lake, Ont.)  and J.K.
Weglo (Direc tor  Environmental Control ,  Falconbridge,  On t. ) .

The measurement and evaluation o f  the noise emanating 
from an ST4A scooptram, in an underground.stope under a 
simulated work cyc le ,  and under three condit ions of a f t e r -  
treatment systems i s  covered.
These were :

a) bare engine;
b) an i n - l i n e  small f i l t e r ,  compared to a l a rg e r  f i l 

t e r ;
c) the l a rg e r  f i l t e r  with an i n - l i n e  muf fler  in se r ie s  

with a fume d i l u t e r .
The r e s u l t s  showed an a t t enua t ion  o f  the scooptram a t  
work of 8 to  15 dBA, 16 cm from the exhaust pipe of the 
machine, to  4.8 dBA a t  the o p e ra to r ' s  ea r .  Recoimenda- 
t ions  are  made to increase the a t tenua t ion  a t  the opera
t o r ' s  ea r  by addi t ional  improvement in design o f  the fume 
d i l u t e r .

B7. "Automatic Close-Fit  Acoustic Enclosures:  a New Concept",
T.M. Bengisu, M.V. Eldada, S i l e n t e c ,  785 Plymouth, S u i t e 304, 
Mont-Royal, Qué., H4P 1B2.

Acoustic enclosures often  i n t e r f e r e  with equipment pro
duction and maintenance. This is  espec ia l ly  t r u e  for 
manufacturing equipment requ i ring  frequent access ,  physi 
cal as well as v i s u a l ,  by opera to rs .
A new concept was developped to overcome t h i s  d i f f i c u l t y .  
The enclosure i s  made as small as poss ib le .  I t  i s  f i t t e d  
as close as po ss ib le to the equipment. Only noisy compo
nents are enclosed.  Employees e f f o r t  or a t t e n t i o n  to 
operate the enclosure i s  almost  el iminated.  Where physi 
cal access to equipment is  r equ i red ,  a large power window 
or door panel wil l  open by a foot  or  p h o to e le c t r i c  switch.  
I t  wil l  close automat ical ly .
In t h i s  p resenta tion  a prototype of automatic c l o s e - f i t  
enclosure wil l  be exposed. I n - s i t u  e f f i c ie ncy  and opera
t o r ' s  response wil l  be discussed.

B8. "L 'a f fa ib l i ssement  acoustique des r ideaux de l i q u i d e s " ,-
M. Bruneau, P. Dumas, P. Po t iez ,  Universi té du Maine,Le Mans, 
France.

L’idée de rechercher les l o i s  d 'a f f a ib l i s se m e n t  acoustique 
des lames l iqu ides  repose su r  l ' e s p o i r  dé r é a l i s e r  des 
capotages qui n'empêchent ni l ' a c c è s  d i r e c t  3 l ' i n t é r i e u r  
des capo ts ,  ni l e  con t rô le  visuel d 'un o p é ra teu r ,  qui 
épousent exactement,  au tan t  que f a i r e  se peu t ,  le s formes 
des pièces en t r a n s i t  par l a  zone bruyante (zone d 'u s in a 
ge,  de coupe, . . . )  e t  qui i s o l e n t  l e  voisinage des pous
s i è r e s  émises dans l a  zone "active" en les  en t ra înan t  
dans 1 'écoulement.
Une étude expérimentale a montré que, en regard de la 
t r è s  f a i b l e  ép a is seur  des chutes de l iqu ides étudiées 
(de l ' o r d r e  du diziême de m i l l im è t re ) ,  l ' a f f a ib l i s s e m e n t  
acoustique e s t  e x c e l l e n t :  i l  c r o î t  généralement de 5 dB 
3 10 ou 15 dB avec la fréquence,  ent re  600 e t  6000 Hz, e t  
conserve â peu près l a  même va leur ent re  6000 e t  12000 Hz. 
Une étude théor ique ,  reposant su r  la théor ie  des ondes de 
c a p i l l a r i t é ,  a mis en évidence un double comportement de 
l a  lame, 3 savo i r  (en langage d 'a c ous t i c ien )  un comporte
ment du type plaque mince e t  un comportement du type mem
brane.  Un calcul  approché,  qui t i e n t  en ou t re  compte du 
pro f i l  d 'é p a is se u r  de l a  lame, a montré que le  fac teu r

/ d ' i n e r t i e  e s t  f inalement prépondérant.



"Magnetic Vibration in a 3000HP Induction Motor", M.V. Eldada,
r.M. Bengisu,  S i len tec ,  785 Plymouth, Suite 304, Mont-Royal ,
Qué., H4P 1B2.

This is a case h i s to ry  of v ib ra t ion  diagnosis and reduc
t ion  of a 3000HP four pole e l e c t r i c  induction motor. The 
main concern was a steady increase  o f  v ib ra t io n  with t ime, 
mainly a t  the frequencies o f  1 x RPM, 4 X s l i p  frequency 
and a t  the side bands o f  1 x RPM.
Vibration t e s t s  were conducted in steady s t a t e ,  t r a n s i e n t  
s t a t e  ( shu t t  down and run up) and as a function o f  tempe
r a tu re .  These t e s t  were repeated before ,  during and a f t e r  
r e p a i r s .
The cause of vib rat ion  was found to be mechanical and ma
gnet ic unbalance. Both were o f  approximately the  same 
magnitude.
The magnetic unbalance i s  due to broken,  craked or loose 
r o to r  ba r ,  o r  shor ted  ro to r  laminations.  Furthermore,  
magnetic ro to r  defect  was found to be a poss ib le  explana
t ion  fo r  the v ib ra tion  increase  with time and with tempe- c4.  
r a tu re .
Motor was repa ired.  Oversized journal  bearings were r e 
placed with ones with smalle r  c lea rances ;  i t  decreased 
cons iderably the ex i s t i n g  unbalance v ib r a t i o n s ,  magnetic 
as well as mechanical . Furthermore,  r o to r  balancing was 
performed; i t  decreased the re sidua l  unbalance fo rces .
Typical v ib rat ion  l ev e l s  a f t e r  r e p a i r  have dropped from 
4.5 mm/sec. to under 1 mu/sec.  fo r  1 X RPM frequency com
ponent. This is  acce ptab le .
However i t  was found t h a t  the r e p a i r  did in e f f e c t  mask 
the magnetic v ib rat ion  component and t h a t  the defec t  is  
s t i l l  p resen t .  I t  was recoranended t h a t  motor v ib ra t ion  
be closely  monitored. Should i t  inc rease  aga in ,  i t  would 
become necessary to make the expensive r e p a i r  o r  rep lace 
ment of the ro to r  o f  t h i s  $250,000 motor.
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"Etude théor ico-expér imentale d 'un matériau absorbant poreux",
J .L .  Berry,  J .  Nicolas,  A. L'Espérance,  G.A.U.S.,  Génie méca-
nique,  Universi té de Sherbrooke,  Sherbrooke, Qué. ,  J1K 2R1. 

L 'u t i l i s a t i o n  des mousses d ' a r g i l e  3 des f in s  acoustiques 
su s c i t en t  un in t é r ê t  gr an d issan t  compte tenu de leurs 
p ropri é tés  absorbantes e t  i s o l a n t e s .  Des e s sa i s  r é a l i 
sés au tube de Kundt ont  permis de déterminer  l e  c o e f f i 
c i e n t  d 'absorption  sous incidence normale d ' é c h a n t i l lo n s  
dont l ' im perm éab i l i té ,  mesurée au p r é a l a b l e ,  va r ie  en tre 
5 e t  100 c . g . s . ,  l ' é p a i s s e u r  en t re  20 e t  90 rnn e t  la poro
s i t é  en t re 602 e t  80%. Des recormiandations r e l a t i v e s  3 
l 'o p t im isa t io n  de la  s t r u c tu r e  ( imperméabil i té  e t  porosi té )  
en découlent .  Paral lèl em en t ,  une modélisat ion théorique 
du produit  e s t  envisagée 3 l ' a i d e  des modèles d'impédance 
de Delany & Bazley (généralement dédié aux matériaux f i 
breux) e t  d'Attenborough. E lle  permet de t e n i r  compte de 
l ' é p a i s s e u r  du p roduit  e t  éventuellement de l a  présence 
d'un espace d ' a i r  en a r r i è r e  pour simuler plus f idèlement 
l es  s i t u a t io n s  p ra t iques .  I l  e s t  apparu que l e  modèle 
d'Attenborough se comparait  favorablement 3 l ' ex p é r ien ce  
dans la gamme d' imperméabil i tés optimales.  Il e s t  donc 
poss ib le ,  compte tenu d 'une app l ica t ion  donnée du produ i t ,  
de déterminer les  paramètres conduisant  au m ei l leur  r ap 
po rt  coQt/performance.

"Coefficien t  ^ 'absorpt ion de panneaux de matériaux poreux11,
J-F .  Al la rd ,  P. Delage, Universi t é du Maine, Le Mans, France.

La propagation des ondes sonores dans les matériaux po
reux ou f ib reux  3 s t r u c tu r e  souple a é t é  modélisée en u t i 
l i s a n t  la théo r ie  de Biot a f in  de prévoi r  l ' a b so rp t io n  
acoustique de panneaux f ixés  su r  une s t r u c tu r e  r ig id e  en 
incidence normale.
Trois catégor ies de matériaux ont é t é  é tu d i é e s ,  l e s  l a ines  
de verre  e t  de roche,  des mousses p las t iques  3 r é s i s t an ce  
spéci fique  au passage de l ' a i r  de l ' o r d r e  de quelques d i 

zaines de g cm ^ s '  e t  une mousse p la s t ique  3 t r è s  f o r t e  
r é s i s t an ce  au passage de l ' a i r .
Dans les  3 cas ,  la  th é o r ie  de Biot permet de p révo i r  d 'une 
façon t r è s  s a t i s f a i s a n t e  l e  comportement acous tique du 
matériau.  .
L' importance des v ib ra t ions  de l a  s t r u c tu r e  dans le cas 
des mousses, a pu ê t r e  mise en évidence expérimentalement 
e t  peut ê t r e  correctement p r é d i te  par la  th é o r ie  de Biot .

"Méthode de mesure de l ' a b s o rp t io n  acoustique sous incidence
v a r i a b l e " , J.M. Leclerc

Les d i f f é r e n t s  procédés de mesure de l ' a b s o rp t io n  acous
t ique sous incidence v a r ia b le  peuvent ê t r e  r é p a r t i s  en 
deux ca tégo r ies :  les uns u t i l i s e n t  des signaux continus 
et  les  au tres  font  appel aux signaux impulsionnels.  Les 
premiers sont l im i tés en fréquence e t  en angle d ' i n c id e n 
ce,  quel que s o i t  l e u r  degré de s o p h i s t i c a t i o n ;  les se 

conds,  tou t  en él iminant pa r t ie l lem ent  ces inconvénient s,  
pèchent par l e  contenu f ré que n t ie l  e x c e s s i f  des impulsions 
employées.
La méthode proposée co ns is te  3 envoyer,  vers l e  matériau 
t e s t é ,  des t r a i n s  de sinusoïdes  adéquatement modulés en 
amplitude,  de manière 3 b é n é f ic ie r  des avantages des t ech 
niques impulsionnelles en conservant une s é l e c t i v i t é  s u f 
f i s a n t e ,  e t  r é g l a b l e ,  en fréquence.
Un co nver t i s seu r  ana log ique /d ig i t a l  échan t i l lonne  l e  s i 
gnal qui su b i t  ensu i te  un t ra i tem ent  numérique par o r d i 
nat eu r  a f in  d ' e x t r a i r e  l ' i n fo rm a t ion  d é s i r é e ,  c ' e s t - 3 -  
d i r e  l a  val eu r  des c o e f f i c i e n t s  d 'a b s o rp t io n .  La mesure 
du déphasage i n t r o d u i t  par  l e  matér iau,  au t rement-d i t  la 
phase de son impédance acous tique ,  e s t  également poss i 
b l e ,  au prix d 'une procédure malheureusement assez longue.

“Modélisat ion de l ' e f f i c a c i t é  d 'un écran dans un local  indus
t r i e l " , A. L'Espérance,  G. Lemire, J .  Nicolas ,  G.A.U.S. ,  Génie 
mécanique, Un iversi té  de Sherbrooke,  Sherbrooke,  Qué. , 01K 2R1. 

Des éc rans ,  ou b a r r i è r e s  acous tiques ,  peuvent ê t r e  u t i l i 
sés pour rédui re  l e  b r u i t  lo r s  de sa propagat ion.  En 
champ l i b r e ,  dive rses  théo r ies  permettent  de déterminer 
l ' a t t é n u a t i o n  obtenue su ivan t  d iverses conf igura tions 
source-éc ran-re ceveur.  L ' e f f i c a c i t é  théo rique d'un écran 
sous des milieux réverbérants ( locaux in d u s t r i e l s )  r e s te  
to u t e fo i s  méconnue.
La méthode des sources-images a ins i  que c e r ta in s  p r incipes 
de l a  méthode des chemins acoust iques  ont  é té  u t i l i s é s  
pour développer une technique permet tant  de c a l c u l e r  le s 
niveaux sonores dans un local  avec écran.  Mise sous in 
format ique,  l 'approche u t i l i s é e  a permis l e  calcul  de 
l ' e f f i c a c i t é  théor ique de l ’éc ran ,  en fonction  des para
mètres géométriques (pos i t ions  des sources ,  des receveurs,  
de l ' é c r a n ,  grandeurs du l o c a l ,  e t c . )  e t  des c o e f f i c i e n t s  
d 'abso rp t ion  des pa ro i s .  Les inf luences des d i f f é r e n t s  
paramètres sont  présen tées e t  des recomnandations généra
l e s  son t proposées.

C5. "Modélisat ion de l a  propagation e t  mesure de la  puissance
acoustique d 'une cen t ra le  thermique", J .G. Migneron, C.R.A. D. ,  
Un iversi té  Laval e t  C. Archambault,  Direction Environnement, 
Hydro-Québec.

Dans l e  but  de prévo i r  l ' i m p ac t  acous tique d 'une c e n t r a l e  
thermique de po in te  su r  son environnement,  un modèle de 
propagation a é té  é t a b l i  3 p a r t i r  de mesures d é t a i l l é e s  
de puissance e t  de propagation r e l a t i v e s  aux qua t re  pre 
mières tranches d ' i n s t a l l a t i o n  des tu rb in e s .  P a r a l l è l e -  
niveau de b r u i t  t o t a l  p rodui t  par une un i té g é n é ra t r i c e ,  
au niveau des cheminées, des s i lenc ieux  d 'admission d ' a i r  
e t  des t rans fo rmateurs de s o r t i e .  L ' i n t é r ê t  de l a  r e 
cherche concerne e s sen t ie l lem en t  l a  procédure de mesure 
de l a  puissance acous tique t o t a l e  d 'un groupe générateu r 
e t  la  d i sc rim ina t ion  f in e  des d i f f é r e n t e s  sources de 
b r u i t  en présence,  t a n t  en termes de puissance p a r t i e l l e  
que de composit ion s p e c t r a l e .  Ensu ite,  la modélisa t ion 
de la propaga tion ,  é t a b l i e  3 p a r t i r  de la  puissance e t  
de la d i r e c t i v i t é  d 'un groupe, reprodu i t  de façon p réc i se  
l e  mode d ' impact de l a  cen t ra le  ju sq u '3  une d ist an ce de 
2,000 pieds.

“Haye Action:  I t s  A pp l icab i l i ty  to Acoustics.", M.E. McIntyre,  
Applied Maths, Cambridge, Universi ty ,  U.K. and R. Ramakrishnan, 
Vibron,  1720 Meyerside Drive, Mississauga,  Ont . ,  L5T 1A3.

Prope rt ies  which are a measure of wave a c t i v i t y  s a t i s f y in g  
a conserva tion equation have been developed fo r  a number 
o f  ap p l i c a t i o n s .  A prime requirement of the wave q u a n t i 
t i e s  i s  t h a t  they can be evaluated from l in e a r i z e d  theo
r i e s  .
One fundamental quan t i ty  t h a t  i s  der ived fo r  o s c i l l a to r y  
d isturbances i s  wave-action.  The fundamental equation 
f o r  wave-action and the re l a t e d  q u a n t i t i e s  ar e given in 
r efe rence 1. The ob jec t ive  o f  the p resen t work i s  i t s  
app l ica t io n  to aco u s t i c  waves propagating through moving 
media.
The wave proper ty  i s  developed from wave-action such t h a t  
i t  i s  l i n e a r  as well as s a t i s f i e s  the  conserva tion equa
t ion  when v i s c o s i ty  and o the r  i r r e v e r s i b l e  processes are 
neg lec ted .  Su i tab le  conservable q u an t i t i e s  ar e well known 
in spec ial  cases ( ref er en ce  2, 3,  4) .  L ig h th i l l  (5) has 
commented on the d i f f i c u l t  na tu re  o f  a quan t i ty  to be 
developed fo r  general  mean flow without  high frequency 
(geometrical acous t i c s )  approximation.
Recently the  general  property wave-action used in " c l a s s i 
cal  f i e l d  theory" has been su c cess fu l ly  appl ied  on waves 
in s t r a t i f i e d ,  r o t a t i n g  f l u id s .  An extension o f  the same 
property to the p a r t i c u l a r  f i e l d s  of acoust ics  in non-uni 
form flow was given in re fe renc e 6. The conservable quan
t i t i e s  ar e f i r s t  derived for a general  inv isc id  non-uni-  
form flow f i e l d .  The acous tics  o f  the gravest  mode pro
paga ting  in a duct with absorbent wal ls  are evaluated .
The ac ous t ica l  p rope r t i e s  ar e t e s t e d  in the conserva tion 
equation through q u an t i t i e s  developed from wave-action.
The r e s u l t s  show t h a t  f o r  a number o f  frequencies the 
wave-proper t ies (derived from a l i n e a r i z e d  theory) s a t i s f y  
the conserva tion equat ion.
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31. " C r i t è r e s  e t  méthodes d ' é t a l o n n a g e  pour l e s  i n s t ru m e n t s  e t  
le s  c ap t eu r s  de m e su r e " ,  H. S c o ry ,  IRSST, 505 De Maisonreuve 
O ues t ,  Montréal , Q u é . , H3A 3C2.

Depuis p lu s  de 3 ans que 1 'IRSST e x i s t e ,  l e  s o u t i e n  ana 
l y t i q u e  a mis au p o i n t  un programme d ' a s s u r a n c e  q u a l i t é  
qui e s t  a p p l iq u é  a n nue l le m en t  î  p l u s i e u r s  c e n t a i n e s  d ' i n s 
t ru m en ts  de mesure du b r u i t  u t i l i s é s  pa r  l e s  h y g i é n i s t e s  
i n d u s t r i e l s  e t  l e s  i n s p e c t e u r s  du gouvernement du Québec.
La p r é s e n t a t i o n  d é c r i r a  l e s  méthodes d ' é t a l o n n a g e  e t  d ' e s 
s a i s  qui o n t  é t é  développées  pour  l e s  d i f f é r e n t s  types 
d ' i n s t r u m e n t ,  e t  m e nt ionn era  l e s  c r i t è r e s  minimaux de p r é 
c i s i o n ,  a c t u e l l e m e n t  ex ig é s  de l ' i n s t r u m e n t a t i o n ,  en f o u r 
n i s s a n t  que lque s  uns des r é s u l t a t s  ob te n u s .
Nous f e ro n s  p a r t ,  é g a l em en t ,  des o u t i l s  d 'é c h a n t i l l o n n a g e  
e t  d ' a n a l y s e  p a r t i c u l i e r s  qui o n t  é t é  é l a b o r é s ,  pa r  
1 'IRSST, pour  f a c i l i t e r  l e  t r a v a i l  e f f e c t u é  p a r  l e s  p e r 
sonnes s ' i n t é r e s s a n t  J  l a  p r o t e c t i o n  de l ' o u ï e  des t r a 
v a i l l e u r s .

D2. " A p p li c a t i o n  o f  P r e c i s i o n  Acoust ic a l  Measuring Tec hn iq ues " , 
G.S.K.  Wong, M36, A c o u s t i c s ,  C .N .R . ,  Montreal Road,  Ottawa,
O n t . , K1A 0R6.

Metrology is  t h e  s c i e n c e  o f  measurement ,  and t h e r e  i s  no 
boundary on t h e  f low  o f  knowledge between v a r io u s  d i s c i 
p l i n e s  o f  measu rements .  For example,  some o f  t h e  p r i n c i 
p l e s  from mechanical  dimensional  me tro logy a r e  very u sef u l  
in  e l e c t r o n i c  and a c o u s t i c  m e tr o lo gy .  The p r e c i s i o n  A.C. 
measuring system which has a r e s o l u t i o n  o f  b e t t e r  than 
0.0001 dB, developed f o r  t h e  Canadian Primary A coust ic a l  
S t a n d a r d s ,  has a p p l i c a t i o n s  in  o t h e r  branches  o f  met ro lo gy .

D3. "S tanda rds Using Two-Microphones T e c h n iq u e s " , G. Rasmussen,  
Bruël è K ja e r ,  Naerum, Dannemark.

Methods f o r  t h e  measurement  o f  i n t e n s i t y  have been deve 
loped and implemented as  r o u t i n e  du r in g  t h e  l a t e  y e a r s .
The use o f  s t a n d a r d i z e d  f i l t e r  t e c h n i q u e ,  s t a n d a r d i z e d  
microphone c a l i b r a t i o n  t e c h n iq u e  and t r a d i t i o n a l  p r e c i s e l y  
c a l i b r a t e d  r e f e r e n c e  sound s o u rc es  e n ab les  comparison b e t 
ween th e  two-microphone te c h n iq u e  and s t a n d a r d i z e d  measu
rement p r o c e d u r e s .  E s p e c i a l l y  t h e  two-microphone t e c h n i 
que o f f e r s  use o f  s t a n d a r d i z e d  a b s o l u t e  c a l i b r a t i o n  and a 
r e l a t i v e  phase c a l i b r a t i o n .  The two-microphone i n t e n s i t y  
methods b ea r  t h e  comparison between o ld  and new te chn iq ue  
ve ry w e l l .  E xpe ri enc e  e n ab les  us t o  s e t  up r u l e s  f o r  
hand l i ng  s ev e r e  r e a c t i v e  environments  us ing th e  advan tages  
o f  t h e  i n t e n s i t y  t e c h n i q u e :

-  How agreement  between c a l i b r a t i o n  q u a l i t y  and r e a c t i 
v i t y  o f  t h e  sound f i e l d  s h a l l  be documented.

-  The te c h n iq u e  n e c e s s a r y  t o  cover  a s u f f i c i e n t  p a r t  
o f  t h e  e m i t t e d  power from a complex s o u rc e .

-  The c a p a b i l i t y  t o  d i s c r i m i n a t e  a g a i n s t  background 
no i s e  in  t h e  measurement r e s u l t .

The development  o f  a p roposal  f o r  "D e te rmina t io n o f  Sound 
Power o f  Sound Sou rce s  Using Sound I n t e n s i t y  Methods" 
i n c lu d e s  p r a c t i c a l  e x p e r i e n c e s  based on a number o f  mea
s u re m en t s .  I t  i s  p o s s i b l e  t o  de mon st ra te  r e p r o d u c i b i l i t y  
o f  i n t e n s i t y  measurements  t o  w i th in  ± 0,1 dB. Agreement 
with  p r e c i s i o n  c a l i b r a t e d  sou rc es  a c co rd ing  to  ISO 3741 
and 3742 i s  b e t t e r  than 0 ,2  dB unde r  v a ry in g  env ironmental  
c o n d i t i o n s .

D4. " I n t e n s i m é t r i e  a n a l o g iq u e  en temps r é e l " ,  C. Chamberland,  F.W. 
S l i n g e r l a n d ,  Département  de gé n ie  mécanique,  U n i v e r s i t é  La va l ,  
Québec.

L ' i n t e n s i t é  a c o u s t i q u e  e s t  de pl u s  en p lu s  employée de nos 
j o u r s  po ur  r é s o u d r e  l e s  problèmes de b r u i t  de l ' i n d u s t r i e .  
La p o p u l a r i t é  de c e t t e  méthode e s t  a t t r i b u a b l e  i la  f a c i 
l i t é  avec l a q u e l l e  i l  e s t  p o s s i b l e  de f a i r e  l e  d i a g n o s t iq u e  
d 'u ne  sou rc e  de b r u i t .  Des a p p a r e i l s  de ha u te  gamme s o n t  
a c t u e l l e m e n t  d i s p o n i b l e s  s u r  l e  marché mais i l s  s o n t  adap 
t é s  pour  l e  t r a v a i l  en l a b o r a t o i r e .  Un i n t e n s i m ê t r e  d e s t i 
né 5 l ' i n d u s t r i e  d e v r a i t  p o s sé d e r  l e s  q u a l i t é s  s u i v a n t e s :  
l é g ë r e t é ,  p e t i t  volume,  autonomie ,  p r é c i s i o n ,  f i a b i l i t é  e t  
économie d ' a c h a t .
L 'avènement  ces  d e r n i è r e s  a nnée s ,  de composantes  a n a l o g i 
ques de hau te  q u a l i t é  a permis  aux a u t e u r s  de f a b r i q u e r  un 
p r o t o t y p e  d ' i n t e n s i m ë t r e  qui r e n c o n t r e  l e s  q u a l i t é s  c i -  
de s s u s .  Un c ho ix  j u d i c i e u x  des composantes  permet  de mi
n im i s e r  l e u r s  nombres,  de f a c i l i t e r  l ' a s s e m b l a g e  du c i r c u i t  
e t  d 'a ugm e n te r  l a  p r é c i s i o n  des l e c t u r e s .
La réponse en f r équence  de p r o to t y p e  e s t  l i m i t é e  dans le s  
b a ss e s  e t  dans l e s  ha u te s  f r éq u e n c es .  La l i m i t a t i o n  dans 
l e s  b a ss e s  f r éq u e n c es  dépend de l ' e r r e u r  de phase qui e x i s 
t e  dans l e s  e n t r é e s  de 1 ' i n t e n s i m ê t r e .  L ' e r r e u r  dans l e s  
hau te s  f r éq u e n c e s  e s t  i n h é r e n t e  au p r i n c i p e  de mesure qui 
es t ime  l e  g r a d i e n t  de p r e s s i o n  p a r  d i f f é r e n c e  f i n i e .  Il  
e s t  p o s s i b l e  d ' e s t i m e r  c e t t e  d e r n i è r e  e r r e u r  e t  de l a  c o r 
r i g e r  en f i l t r a n t  l e  s ig n a l  de s o r t i e  de 1 ' i n t e n s i m ê t r e .

Les perfo rmances  du p r o to t y p e  s o n t  a c c e p ta b l e s  e t  s u f f i 
s a n t e s  pour  une u t i l i s a t i o n  i n d u s t r i e l l e .  L ' e r r e u r  de 
mesure s u r  l ' i n t e n s i t é  e s t  i n f é r i e u r e  a (± 2 dB),  dans une 
garnie de fr équence  de (100 -  15000 Hz). La garnie dynamique 
e s t  comprise  e n t r e  70 e t  140 dB.
Les a p p l i c a t i o n s  p o s s i b l e s  d 'un t e l  a p p a r e i l  s o n t :  d i a 
g n o s t i c  d 'u ne  sou rc e  s o n o re ;  mesure i n - s i t u  de l a  pu is sance  
a c o u s t iq u e  émise p a r  une s o u r c e ;  d é t e c t i o n  de f u i t e s  a 
t r a v e r s  une p a r o i ;  mesure du c o e f f i c i e n t  normal d ' a b s o r p 
t i o n  d 'u n  m a té r i a u .  De p l u s ,  l ' a d d i t i o n  d 'u n  f i l t r e  
e x t é r i e u r  en bande d 'o c t a v e  permet  de f a i r e  l ' a n a l y s e  s p e c 
t r a l e  d ' u n e  sou rc e  sono re .
Le p r o to t y p e  f a b r i q u é  se  r é v è l e  donc ê t r e  un in s tr um e n t  
bien adap té  a l ‘ i n t e n s i m é t r i e  i n d u s t r i e l l e .  I l  e s t  p roba 
b l e  q u ' i l  remplacer a  l e s  i n t e n s i m ê t r e s  de ha u te  gamme qui 
s o n t  pl u s  a p p ro p r i é s  pou r  l e s  l a b o r a t o i r e s ,  groupes de r e 
c her ch e  e t  s p é c i a l i s t e s  en a c o u s t iq u e .

D5. "T est  i n - s i t u  c o m p a ra t i f  d ' a n a l y s e u r s  d ' i n t e n s i t é  p a r  FFT e t  
pa r  f i l t r e " , C. Sauvé,  M.V. Eldada,  C. Chamberland,  C. (S é l i nas , 
S i l e n t e c ,  785 Plymouth,  S u i t e  304,  Mont-Royal ,  Qué . ,  H4P 1B2.

L 1i n t e n s i m é t r i e  a é t é  u t i l i s é  pour  l e  d i a g n o s t i c  des s o u r 
ces  de b r u i t  d 'u n  groupe de onze compresseurs  r é c ip ro ques  
de 600HP chaque. . La p u i s s a n c e  a c o u s t iq u e . d e s  composantes 
i n d i v i d u e l l e s  des compresseurs  a é t é  mesurée a l ' a i d e  de 
deux ty pes  d ' i n t e n s i m è t r e s .  Ces a p p a r e i l s  son t  l ' a n a l y 
s e u r  FFT a deux v o i e s ,  B S K type  2032 e t  l ’a n a l y s e u r  
d ' i n t e n s i t é  p a r  f i l t e r s  numériques,  8 & K type  3360.
Dans ce p a p i e r ,  l e s  r é s u l t a t s  du d i a g n o s t i c  a i n s i  que l e u r s  
d i f f é r e n c e s  s e r o n t  p r é s e n t é s .  La p r é c i s i o n  e t  l e s  l i m i t e s  
p r a t i q u e s  de chaque i n s t ru m e n t  e t  te c hn iq ue  s o n t  d i s c u t é e s .  
Des co n c lu s io n s  p r é l i m i n a i r e s  s o n t  fo rmulées .

D5. "Transmission Loss Measurements:  Convent ional  Versus I n t e n 
s i t y " ,  R.E. H a l l i w e l l ,  A.C.C.  Wamock,  N .R .C . , M27, D iv is ion  
o f  B u i l d in g  R es ear ch ,  O ttawa,  O n t . ,  Kl A 0R6.

A two-room r e v e r b e r a t i o n  s u i t e  with  rooms o f  d i f f e r e n t  
volume was used to  compare t r a n s m is s io n  lo s s  measurements  
made us ing  c onve n t iona l  methods with  t hos e  made us ing th e  
i n t e n s i t y  method.  The rooms a r e  connected by a " t u n n e l -* —  
1 .4  m lo n g ,  in which t h e  specimen was p la c ed  a t  f i v e  d i f 
f e r e n t  l o c a t i o n s .  Convent ional  t r a n s m is s io n  lo s s  measu
rements  were made in both d i r e c t i o n s  and i n t e n s i t y  measu
rements  made with  t h e  small room a c t i n g  as  t h e  r e c e i v in g  
room. To s im u la t e  t h e  wide range o f  r e c e i v in g  rooms found 
in  r e a l  b u i ld i n g s  and t o  t e s t  t h e  s e n s i t i v i t y  o f  t h e  i n 
t e n s i t y  method to  r e a c t i v e  f i e l d s ,  fou r  d i f f e r e n t  a bso rp 
t i o n  c o n d i t i o n s  were p r e s e n t e d  in  t h e  small room f o r  each 
o f  t h e  wal l p o s i t i o n s .  N e i th e r  method was found to  vary 
a p p r e c i a b l y  with  t h e  amount o f  a b s o r p t i o n ,  bu t  both showed 
some dependence on th e  wall  p o s i t i o n .  The i n t e n s i t y  method 
was found to  g iv e  a t r a n s m i s s i o n  lo s s  much c l o s e r  to  the 
e xpec te d  mass law dependence than  d id  t h e  conven t ion al  
method.

D7. " E va lu a t i on  o f  S i l e n c e r  Performance Through Sound I n t e n s i t y  
Measurements" ,  Xenia Vru v id es ,  SNC, Environment D iv i s io n .

When a t t e m p t in g  to  e v a l u a t e  t h e  i n - s i t u  performance o f  
a s i l e n c e r  i n s t a l l e d  on a p ie c e  o f  equipment ,  c o n v e n t io 
nal sound l e v e l  measuring t e c h n iq u e s  a re  n o t  p r a c t i c a l  
i f  background n o i s e  l e v e l s  a r e  s i m i l a r  o r  g r e a t e r  than  
th o s e  expe c te d a t  t h e  s i l e n c e r  o u t l e t .  One p o s s i b l e  
t e c h n iq u e  i s  to  de te rm in e  t h e  a c o u s t i c  power r a d i a t e d  
i n t o  and o u t  o f  t h e  s i l e n c e r ,  i n c o r p o r a t i n g  a f i e l d -  
measured c o r r e c t i o n ,  f o r  t h e  background sound i n t e n s i t y .
The paper  p r e s e n t s  t h e  adopted p rocedure f o r  sound i n 
t e n s i t y  measurements  a p p l i e d  to  a p ro to type  s i l e n c e r ,  
t h e  a c t u a l  s i l e n c e r  pe rf o rmance ,  t h e  obs erved l i m i t a t i o n s  
o f  t h i s  measuring t e c h n i q u e ,  and i t s  advantages ove r  con
v e n t io n a l  measuring methods.

D8. "ContrS le  numérique de s igna ux  i m p u l s i f s  émis p a r  un h a u t -  
p a r l e u r ” . M. Sawan, J .  N i c o l a s ,  G.A.U.S. ,  Génie mécanique,  
U n i v e r s i t é  de She rb ro oke ,  Sh erb roo ke ,  Qué.,  J1K 2R1.

Afin d ' e f f e c t u e r  d i f f é r e n t s  ty pe s  de s im u la t io n  en acous 
t i q u e  l a  g é n é r a t i o n  de s ignaux tempore ls  de c o u r t e  durée 
e s t  de p lu s  en p lu s  u t i l i s é e .  Cependant que lque s o i t  l a  
q u a l i t é  de l a  chaîne  é l e c t r o - a c o u s t i q u e  u t i l i s é e  l e  s ig n a l  
t r a n s i t o i r e  reçu  e s t  t o u j o u r s  déformé en a m pli tu de  e t  en 
phase .  Afin d ' o b t e n i r  des s ignaux temp orel s  c o n t r ô l é s ,  
un s ig n a l  numérique du ty pe  s i n  x /x  e s t  gé néré s u r  mic ro 
o r d i n a t e u r  e t  c o n v e r t i  en mode analogiqu e e t  émis dans 
une chaîne  é l e c t r o - a c o u s t i q u e  dont  on c a l c u l e  l a  f o n c t io n  
de t r a n s f e r t  i n v e r s e .  On mont rer a  en o u t r e  l a  n é c e s s i t é  
de l ' u t i l i s a t i o n  de f i l t r e s  d i g i t a u x  r é c u r s i f s  e t  d ' un e  
p a r f a i t e  s y n c h r o n i s a t i o n .  L ' a u d i t  e n t r e  l e  s ig n a l  d é s i r é

19 l e  s ig n a l  c o n t r ô l é  émis e s t  e x c e l l e n t  que lq ue  s o i t  l a
gairme de fr éq u e n c e .  Les p e r s p e c t i v e s  d ' a p p l i c a t i o n  de 
c e t t e  méthode t a n t  en p sy ch o - ac o u s t i q u e  q u 'e n  a c o u s t iq u e  
a r c h i t e c t u r a l e  s e r o n t  d i s c u t é e s .



D9. " U t i l i s a t i o n  du m ic ro - o r d i n a t e u r  dans l e  domaine de l ' a c o u s 
t i q u e :  l ' i n t e r f a c e  IEEE-488 ( HP- IB) e t  un o s c i 11a t e u r  s o f t 
wa re" ,  Y. Champoux, GAUS, Génie mécanique,  U n iv e r s i t é  de S he r 
brooke , Sherbrooke,  Qué . ,  J1K 2R1 .

Dans l e  domaine de l ' a c o u s t i q u e  e x p é r i m e n t a l e ,  l ' u t i l i s a 
t i o n  des m i c r o - o rd in a te u rs  pour l a  c o l l e c t e  e t  l e  t r a i t e 
ment des données e s t  de p lus  en p lus  répandue .  L' échange  
d ' i n f o r m a t i o n s  numériques sous forme d i g i t a l e  e n t r e  un ap 
p a r e i l  de mesure e t  un t e l  m ic r o - o r d i n a t e u r  n é c e s s i t e  
q u ' i l  y a i t  c o m p a t i b i l i t é  de l angage  de corrmunicat ion.
En d ' a u t r e s  t e rm e s ,  l e s  deux a p p a r e i l s  do ive n t  possé de r  
l a  même i n t e r f a c e .  Le l o g i c i e l  de base  pe rm e t t a n t  la  
communication e n t r e  un m i c r o - o r d i n a t e u r  SVM-1 e t  l ' a n a l y -  

■ s e u r  d i g i t a l  de b r u i t  Bruël & Kjaer  #2131 a é t é  développé.  
Ce l o g i c i e l  peu t S t r e  ad ap té  3 peu p rés  3 n ' i m p o r t e  quel 
m i c r o - o r d i n a t e u r ,  ce qui permet  une u t i l i s a t i o n  p lus  r a 
t i o n n e l l e  des équ ipements .  Les p r i n c i p e s  de bases  du 
fonc t ionnement de l ' i n t e r f a c e  HP-IB s e r o n t  ex posés .  Il  
s e r a  démontré qu'un  t e l  l o g i c i e l  e s t  r e l a t i v e m e n t  f a c i l e  
â r é a l i s e r .  La q u a l i f i c a t i o n  d 'u n e  chambre r é v e r b é r a n te  
p e rm e t ta n t  l a  mesure de l a  p u i s sa n c e  ac o u s t i q u e  de sources  
ém et ta n t  des tons  purs  r e q u i e r t  l ' u t i l i s a t i o n  d 'un  o s c i l 
l a t e u r  e t  d 'un  compteur de f r é q u e n c e s .  Ces in s t ru me nt s  
é t a n t  t r è s  s p é c i a l i s é s ,  l e  m i c r o - o r d i n a t e u r  a é t é  mis S 
p r o f i t  e t  un o s c i l l a t e u r  s o f t w a re  "maison" a é t é  dé ve lo p 
pé .  Les c a r a c t é r i s t i q u e s  de c e t  o s c i l l a t e u r  "bon marché" 
s e r o n t  exposées.

SESSION (E) BRUIT ET AUDITION

P r é s i d e n t  de séance  
R. Hétu 

Ecole d ' a u d i o l o g i e  
U n iv e rs i t é  de Montréal  
P av i l l on  M.D'Youvil l e 

Montréal  (Québec)

E l . "Draf t  Guidel ine  f o r  Regula to ry Control  o f  Occupa t ional  Noise 
Exposure and Hearing C o n s e r v a t i o n " , D.A. Benwel l ,  Rad ia t ion  
P r o t e c t i o n  Bureau,  Nat ional  Hea lth and W el fa re ,  Ot tawa ,  Ont .

The F e d e ra l / P r o v in c i a l  Advisory Committee on Environmen
t a l  and Occupa tiona l Heal th e s t a b l i s h e d  a Working Group 
on Occupa tiona l Noise Exposure and Hear ing Conserva t ion  
in  September 1982. The terms o f  r e fe re n c e  were b a s i c a l l y  
to  p rep are  f o r  p u b l i c a t i o n  a g u id e l i n e  f o r  r e g u l a t o r y  
co n t r o l  o f  occupa t iona l  no i se  exposure  and he ar in g  c o n s e r 
va t io n  with due rega rd  f o r  r e s p e c t i v e  j u r i s d i c t i o n s  and 
r e s p o n s i b i l i t i e s .
A d r a f t  r e p o r t  e n t i t l e d  "Guide l ine  f o r  Regula to ry  Control  
o f  Occupa tiona l Noise Exposure and Hear ing  Conserva t ion"  
was p repared  in Apr i l  1984 and c i r c u l a t e d  f o r  coranent.
The f i n a l  r e p o r t  i s  planned  f o r  p u b l i c a t i o n  in the  s p r i n g  
o f  1985.
The Guide l ine  was p re pa re d  to  a s s i s t  P rov inces  to  update 
t h e i r  Regula tions  f o r  Occupa t iona l  Noise Exposure and 
Hear ing Conserva t ion .  I t  may be adop ted  in  i t s  e n t i r e t y ,  
o r  may be modif ied to  s a t i s f y  t h e  s p e c i f i c  r e qu i rem ents  
o f  each Province.
The Guide l ine i s  th e  r e s u l t  o f  t h e  combined e f f o r t  o f  a 
group o f  people wi th  e x p e r t i s e  in  both oc cu pa t io n a l  n o i s e  
exposure con t ro l  and in  the  a s s o c i a t e d  r e g u l a t i o n s  a c r o ss  
Canada.  Input  and conments have been s o l i c i t e d  from a l l  
the  Provinces and from a c o u s t i c s  e x p e r t s  work ing in the  
a re a  o f  occupa t iona l  n o i s e .  One o f  the  in fo rm a t io n  bases  
used in the  p roduc t io n  o f  th e  r e p o r t  was a su rvey  d i s t r i 
bu ted  by th e  Canadian S tandards  A s s o c ia t i o n  Committee o f  
Acou s t i cs  and Noise Control  Task Force on Occupa tional  
Noise to  more than 150 r e p r e s e n t a t i v e s  o f  government ,  
r e g u l a t o r s ,  employers ,  l a b o u r ,  c o n s u l t a n t s ,  u n i v e r s i t i e s  
and h o s p i t a l s .
Thi s paper d e s c r i b e s  th e  c o n t e n t s  o f  the  G uid e l ine  which 
inc lu d e  a s t a t em en t  o f  purp os e ,  a framework f o r  a r e g u l a 
t i o n  r e s p e c t i n g  no i s e  exposure and h e ar in g  c o n s e r v a t i o n ,  
a r a t i o n a l e  f o r  the  framework,  and codes o f  p r a c t i c e  f o r  
n o i s e  exposure c o n t r o l ,  aud iomet ry  and n o i s e  measurement .  
The Guide l ine  i s  d i s cu s s ed  in th e  c o n te x t  o f  o r t h e r . a c t i -  
t i v i t i e s  to co n t r o l  oc cu pa t io na l  no i s e  exposure  in  Canada.

E2. "La rè g l em en ta t io n  canad ienne  en m a t i è re  de b r u i t  émis p a r  l e s  
j o u e t s  r é c r é a t i f s  e t  é d u c a t i f s " ,  R. Hétu,  S. Brochu ,  F. Lacom- 
be ,  M. Po i s s on ,  Ecole d 'o r th o p h o n ie  e t  d ' a u d i o l o g i e ,  U n i v e r s i 
t é  de Mont réa l ,  2375 Chemin C5te S t e - C a t h e r i n e , M ont réa l ,  Qué. 
H3T 1A8.

Que lle p ro t e c t i o n  e s t  a s s u ré e  aux consommateurs canad iens  
en m at iè re  de b r u i t  émis p a r  l e s  j o u e t s  d ' e n f a n t s ?  D'une 
p a r t ,  l a  Loi s u r  l e s  p r o d u i t s  dangeureux (C h . 3 ,  a r t .  1 0 ) ,  
ad m in i s t r é e  pa r  Consommation e t  Corp ora t io n  Canada,  com
p o r t e  des d i s p o s i t i o n s  e x p l i c i t e s  â ce s u j e t .  D 'a u t re  
p a r t ,  l e s  p i s t o l e t s - j o u e t s  so n t  r é g i s  p a r  l a  Loi s u r  l e s  
e x p l o s i f s ,  app l iqu ée  pa r  l e  M in i s t è r e  fé d é r a l  de 1 'E n e r g i e ,  
des Mines e t  des Ress our ces .  Cependant ,  ces a r t i c l e s  de 
l o i  a p p a r a i s s e n t  t r è s  peu s a t i s f a i s a n t s  pour t r o i s  r a i 
so n s :  a) l a  fo rm ul a t io n  des l i m i t e s  ré g le m e n ta i r e s  du 
b r u i t  émis pa r l e s  j o u e t s  comporte de s é r i e u s e s  ambigu i 

t é s ;  b) i l  e s t  improbab le  que l e s  l i m i t e s ,  même a p p l i 
quées r igo u re us e m e n t ,  a s s u r e n t  l a  p r o t e c t i o n  de l ' a u d i 
t i o n  des u t i l i s a t e u r s  de j o u e t s  b r u y a n t s ;  c) l a  p rocédure  
d ' é v a l u a t i o n  de l a  co nformi té  des j o u e t s  en re ga rd  des 
règlements  en v ig ue u r  n ' a  f a i t  l ' o b j e t  d ' au cu ne  n o rm a l i 
s a t i o n .  Ces problèmes s e r o n t  d i s c u t é s  en fo n c t i o n  d ' exem
p le s  c o n cr e t s  e t  des p r o p o s i t i o n s  en vue d'urve a m é l i o r a 
t i o n  s e r o n t  p r é s e n t é e s .

E3. " L ' a c u i t é  a u d i t i v e  des é t u d i a n t s  de s e c t e u r s  p ro f e s s i o n n e l  
e t  n o n - p r o f e s s i o n n e l " ,  Louise Pa ré ,  France F i l i a t r a u l t ,  Dé
par tement  de s a n té  communautaire De L an au d iê re ,  585,  b o u l . 
Manseau, J o l i e t t e ,  Qué . ,  J6E 3E5.

L 'hypo thè se  de l ' é t u d e  e s t  que l e s  é t u d i a n t s  f r é q u e n t a n t  
c e r t a i n s  a t e l i e r s  p r o f e s s i o n n e l s  s o n t  s u f f i s a i e n t  exposés 
au b r u i t  au cours  de l e u r  a p p r e n t i s s a g e  s c o l a i r e  pour que 
l e u r  a c u i t é  a u d i t i v e  d i f f è r e  de c e l l e  des é t u d i a n t s  du 
s e c t e u r  n o n - p r o f e s s i o n n e l .  Afin de v é r i f i e r  c e t t e  hypo th è 
s e ,  l e s  s e u i l s  a u d i t i f s  de 821 é t u d i a n t s  f u r e n t  é v a l u é s .
Les in d iv id u s  p r é s e n t a n t  des p roblèmes a u d i t i f s  causés  pa r  
des f a c t e u r s  a u t r e s  que l e  b r u i t  f u r e n t  é l im in é s  de l ' é 
c h a n t i l l o n .  L ' a n a ly s e  a p o r t é  s u r  286 é t u d i a n t s  du s e c 
t e u r  p r o f e s s i o n n e l  e t  375 é t u d i a n t s  du s e c t e u r  g é n é r a l .  
L'Sge de ces é t u d i a n t s  v a r i e  de 14 â 20 ans (ÎT: 17 a n s ) .  
Chaque é t u d i a n t  a pass é  un examen aud iomé t r iqu e  p a r  vo ie  
a é r i e n n e  a i n s i  qu 'un  examen tympanométrique  e t  a complété 
un q u e s t i o n n a i r e  s u r  ses  a n té c é d a n t s  p e r s o n n e l s ,  médicaux,  
p r o f e s s i o n n e l s  e t  s u r  ses  a c t i v i t é s  b r u y a n te s .  Des r e l e 
vés sonomét riques on t  é t é  e f f e c t u é s  dans l e s  a t e l i e r s  f r é 
quen tés  e t  l e s  doses  de b r u i t  f u r e n t  é v a l u é e s .  Une de s 
c r i p t i o n  des s e u i l s  a u d i t i f s  de 500Hz a 6000Hz e s t  p r é 
s e n t é e  de même q u ' un e  compara ison e n t r e  l e s  s e u i l s  a u d i 
t i f s  a 4000Hz des deux g roupes  d ' é t u d i a n t s .

E4. " L ' e x p o s i t i o n  pendan t  l a  g r o s s e s s e  3 une dose de b r u i t  jugé e  
ad m is s i b le  au sens  de l a  lo i  e s t - e l l e  noc ive  pour 1 'o rg ane  de 
P o u f e  du f o e t u s ? ",  N.M. La lande ,  R. Hétu,  Ecole d 'o r t h o p h o n i e  
e t  d ' a u d i o l o g i e ,  U n iv e r s i t é  de Mon t ré a l ,  2375,  Chemin COte 
S t e - C a t h e r i n e ,  Mont réa l ,  Qué . ,  H3T 1A8.

Pour é t u d i e r  ce f a c t e u r  de r i s q u e ,  une é tude  é p i d é m io lo g i - 
que de n a t u r e  p r o s p e c t i v e  h i s t o r i q u e  a é té  menée. A i n s i ,  
l a  s é l e c t i o n  des e nf a n t s  s ' e s t  f a i t e  s u i v a n t  l ' e x p o s i t i o n  
ou non de l e u r  mère pendan t  l a  g r o s s e s s e  3 une dose de 
b r u i t  v o i s i n e  de 90 dBA-8h. Mais l ' e f f e t  d 'un e  t e l l e  ex 
p o s i t i o n  a é t é  é t u d i é  r é t r o s p e c t iv e m e n t  en ce sens  que 
l ' a u d i t i o n  d ' e n f a n t s  Sgés e n t r e  4 e t  10 ans a é t é  é va l ué e .  
L ' e f f e c t i f  t o t a l  a donc é t é  c o n s t i t u é  d ' e n f a n t s  exposés 
in u té ro  3 une dose qu o t i d ie n n e  v a r i a n t  e n t r e  65 e t  95 
dBA-8h e t  c e ,  pendan t  un minimum d 'un  mois mais pouvant  
a l l e r  j u s q u ' 3  8 1 /2  mois.  La c u e i l l e t t e  de données com
p o r t a i t  t r o i s  v o l e t s  d i s t i n c t s  s o i t  a)  l ' h i s t o i r e  a u d i t i v e  
m è r e - e n f a n t ,  t o u t  comme l ’h i s t o i r e  p r o f e s s i o n n e l l e  de l a  
mère pendan t l a  g r o s s e s s e ,  b) l ' examen a u d i t i f  mè re -e n fa n t  
e t  c) l e s  r e l e v é s  de b r u i t  a u (x )  p o s t e ( s )  de t r a v a i l  occu- 
p é ( s ) pendan t  l a  g r o s s e s s e .  Ces in fo r m a t io ns  on t  é t é  r e 
c u e i l l i e s  g ra c e  a) 3 un q u e s t i o n n a i r e - e n t r e v u e  avec l e s  
mères ,  b) a un examen aud iomé t r iqu e  e t  impédancemétr ique  
en cab i ne  ins on ore  e t  c) 3 une enquê te sonomét r ique  des 
l i e u x  de t r a v a i l  e t / o u  lo r s qu e  p r é f é r a b l e  3 l a  c o n s u l t a 
t i o n  de r e l e v é s  de b r u i t  dé jà  e x i s t a n t s .  Les r é s u l t a t s  
p r é l i m i n a i r e s  de c e t t e  é tude  s e r o n t  p r é s e n té s  e t  d i s c u t é s .

E5. "Risk Assessment  o f  a T r ad e " , A. Behar,  On ta r io  Hydro,  P ick e-  
r i n g ,  O n ta r io ,  LlW 3C8.

When s urv ey ing  n o i s e  exposure  l e v e l s  o f  l a r g e  groups  o f  
workers ( t r a d e s )  us ing sampl ing t e c h n iq ue s  r e s u l t s  a re  
o b ta in e d  as  s t a t i s t i c a l  e s t i m a t e s  (means,  s t d ,  d e v i a t i o n s ,  
e t c . ) .  Th is  pa pe r  p r e s e n t s  a method f o r  d e te rm in in g  i f  
a t r a d e  i s  a t  r i s k  by using  t h e  above e s t i m a t e s .
The f i r s t  s t e p  o f  th e  p rocedure  c o n s i s t s  o f  de c i d i ng  upon 
an a c c e p t a b l e  r i s k  o f  hea r ing  l o s s .  Thi s i s  e xpr ess ed  as 
a p e r c e n t i l e  o f  workers  t h a t  w i l l  s u f f e r  a g iven  ( "a c ce p 
t a b l e " )  o c cu pa t i o na l  no i s e  induced  h e ar in g  lo s s  a t  th e  end 
o f  t h e i r  working l i f e  (u s u a l l y  a f t e r  45 y e a r s ) .
As a second s t e p ,  formulas  in  t h e  new IS0/DIS 1999 (1984) 
a re  used f o r  t h e  c a l c u l a t i o n  o f  th e  no i s e  exposu re  l eve l  
t h a t  w i l l  cause  the  above p e r c e n t i l e .
The t r a d e  i s  l a b e l l e d  as "a t  r i s k "  i f  th e  l e v e l  c a l c u l a t e d  
in s t e p  2 i s  exceeded  by a p e r c e n t i l e  h ig h e r  than t h i s  
p o s t u l a t e d  in s t e p  1.

E6. "Spe c t ra l  A na lys i s  o f  I n d u s t r i a l  No is e ,  wi th  Sp e c ia l  Refe rence  
to  C o r r e la t i o n  Between D i f f e r e n t  I n d i c e s " , Prem C. Pandey,
H. Kunov, Sharnn M. Abe l ,  I n s t i t u t e  o f  Biomedical  Eng in eer ing  
and Department  o f  O to la ryn go log y ,  U n i v e r s i t y  o f  To ro n to ,  Ont.  

Noise samples from w o rk s i t e s  in  s i x  d i f f e r e n t  typ es  o f  
On ta r io  I n d u s t r i e s  were re c o rd e d .  These were ana ly zed  in 
th e  l a b o r a t o r y  and a number o f  s p e c t r a l  measurements and
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SESSION (F) PHYSIO ET PSYCHO ACOUSTIQUE

P r é s i d e n t e  de séance  
N. la lo n d e  

Ecole  d ' a u d i o ! o g ie  
U n iv e r s i t é  de Montréal  

P a v i l l o n  M.D'Youvil le  
Montréal (Québec)

i n d i c e s  f o r  t h e  s t a t i o n a r y  n o i s e  samples  were d e r iv e d :  
sound p r e s s u r e  l e v e l ,  A-weighted sound l e v e l ,  speech 
i n t e r f e r e n c e  l e v e l ,  o c t a v e ,  t h i r d - o c t a v e  and decade band- 
l e v e l s .  S t a t i s t i c a l  t r e n d s  and general  f e a t u r e s  o f  t h e s e  
measures  f o r  t h e  d i f f e r e n t  t ypes  o f  w o r k s i t e s  w i l l  be 
p r e s e n t e d .  As o u r  n o i s e  samples  r e p r e s e n t  a t y p i c a l  
c r o s s - s e c t i o n ,  i t  i s  o f  s p e c i a l  i n t e r e s t  t o  s tu dy  th e  
c o r r e l a t i o n  between t h e  d i f f e r e n t  i n d i c e s .  Even though 
a l l  th e  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  s i g n i f i c a n t  a t  1% 
l e v e l ,  t h e r e  i s  a s u b s t a n t i a l  v a r i a t i o n  in  th e  v a l u e s .
Thus,  we may say t h a t  A-weighted sound l e v e l  i s  on the  
av e r ag e ,  a b e t t e r  p r e d i c t o r  o f  speech i n t e r f e r e n c e  when 
compared with  Sound P r e s s u r e  Le ve l .  An e q u a l l y  good 
p r e d i c t o r  i s  t h e  m id - fr equency  decade band ( 0 . 2 - 2  kHz) 
l e v e l .  However,  f o r  th e  te n  oc tave -band  l e v e l s ,  t h e  d i f 
f e r e n c e s  in c o r r e l a t i o n  c o e f f i c i e n t s  f o r  sound p r e s s u r e  
le v e l  and A-weigh ted sound l e v e l  a r e  no t  s i g n i f i c a n t  
( a t  10% l e v e l ) .  These and o t h e r  r e s u l t s  w i l l  be d i s 
cuss ed .

"Studying Hearing Loss:  Design and S t a t i s t i c a l  C on side ra 
t i o n s  , R. Phaneuf ,  P. Hé tu ,  Ecole  d 'o r t h o p h o n i e  e t  d ' a u d i o -  .
l o g i e ,  U n i v e r s i t é  de M o n tr éa l ,  Qué.

Convent ional  e p id e m io lo g ic a l  c o n s i d e r a t i o n s  ( t h e  p o s s i b i 
l i t y  o f  b i a s e s  due t o  s e l e c t i o n ,  con foun di ng,  m i s c l a s s i -  
f i c a t i o n ,  a p p r o p r i a t e n e s s  o f  t h e  a n a l y s i s  and d e s i g n ,  
and th e  power o f  t h e  sample s i z e )  a r e  r e q u i r e d  f o r  sample 
based s t u d i e s  w i th  t h e  p a r t i c u l a r  o b j e c t i v e  o f  examing 
th e  r e l a t i o n s h i p  between v a r i a b l e s  r e l a t e d  to  hear ing 
l o s s .  Examples d e r iv e d  from th e  l i t e r a t u r e  a r e  used as 
i l l u s t r a t i o n s .  The advan tages  and shortcom ings o f  va 
r i o u s  e p id e m io lo g ic a l  s t r a t e g i e s  ( p r o s p e c t i v e  s t u d i e s  
and p re v a l e n ce  s t u d i e s )  a r e  reviewed .  The im p l i c a t i o n s  
o f  u s in g  s t r i n g e n t  e x c l u s i o n  c r i t e r i a  i s  co n s id e red  with  
r e s p e c t  t o  t h e  main tenan ce o f  v a l i d i t y .  Emphasized i s  
t h e  r i g o r  r e q u i r e d  t o  guard a g a i n s t  a u d io m e t r i c  measure
ment e r r o r .  S t a t i s t i c a l  i s s u e s  r e l a t e d  to  sample based 
s t u d i e s  u s in g  m u l t i v a r i a n t  a n a l y s i s  a r e  d i s c r i b e d  with 
t h e i r  i m p l i c a t i o n s  i n c l u d i n g :  e f f e c t  m o d i f i c a t i o n ,  con
fo u n d in g ,  h e t h e r o s c e d a s t i c i t y .  In c o n c l u s i o n ,  t h e s e  i s 
sues  m us t . be  c o n s id e r e d  whe ther  i t  be a s im ple  e v a l u a t i o n  
o f  a h e a r in g  c o n s e r v a t i o n  program, o r  th e  s tu d y  o f  new 
a s s o c i a t i o n s .

"Les conséquences i n d é s i r a b l e s  de l a  f a t i g u e  a u d i t i v e " ,
R. Hétu,  Ecole  d ' o r t h o p h o n i e  e t  d ' a u d i o l o g i e ,  U n iv e r s i t é  de
M on tr éa l ,  Qué.

La f a t i g u e  a u d i t i v e  ou d éca la g e  te m p o ra i r e  des s e u i l s  
d ' a u d i t i o n  (DTS) causée  pa r  l ' e x p o s i t i o n  au b r u i t  e s t  
gé nér al em en t  p r i s e  en c o n s i d é r a t i o n  uniquement  comme 
p r é c u r s e u r  d ' u n e  p e r t e  a u d i t i v e  permanente .  Cependant ,  
l e  DTS m é r i t e  d ' ê t r e  c o n s id é ré  en lui-même couine un 
phénomène i n d é s i r a b l e  p a r  l e  f a i t  de s es  m a n i f e s t a t i o n s  
e t  de ses  conséqu ences .  En e f f e t ,  l e  DTS r é s u l t e  d 'u ne  
p e r t u r b a t i o n  p h y s io lo g iq u e  du système a u d i t i f  e t  pour 
c e t t e  r a i s o n ,  i l  e s t  accompagné d 'un c e r t a i n  nombre de 
d é f i c i t s  a u d i t i f s :  p e r t e  de s e n s i b i l i t é ,  de d i s c r i m i n a 
t i o n ,  de s é l e c t i v i t é  f r é q u e n t i e l l e .  Il  en r é s u l t e  des 
i n c a p a c i t é s  a u d i t i v e s  t e l l e s  que des d i f f i c u l t é s  a com
p re nd re  l a  p a r o l e  dans un b r u i t  de f ond ,  à l o c a l i s e r  la  
personne qui p a r l e  dans une c o n v e r s a t i o n  de g roup e ,  S ap
p r é c i e r  l a  musique ou â j o u e r  un in s t r u m e n t  de musique de 
façon s a t i s f a i s a n t e .  A i n s i ,  une e x p o s i t i o n  qu o t id i e n n e  
au b r u i t  qui c au se  des DTS plus  ou moins im por tan t s  e s t  
v ra is em bla b lem e n t  â l ' o r i g i n e  d 'u ne  s i t u a t i o n  pa ra d o x a l e :  
l e s  d é f i c i t s  e t  l e s  i n c a p a c i t é s  a u d i t i v e s  s o n t  t e m p o ra i 
r e s  mais l e s  d é sa van ta ges  qui en r é s u l t e n t  peuvent  ê t r e  
permanents .  C e t t e  p roblématiq ue  s e r a  examinée en f o n c t io n  
de c o n d i t i o n s  d ' e x p o s i t i o n s  au b r u i t  en m i l i e u  de t r a v a i l  
e t  d 'am biances  de r é c u p é r a t i o n  de l a  f a t i g u e  a u d i t i v e  en 
dehors  des l i e u x  de t r a v a i l .

F l . "Audiometry and th e  Geometry o f  th e  Human Ear  C a n a l " ,
M.R. S t i n s o n ,  D iv is io n  o f  P h y s i c s ,  Nat ional  Research C o u n c i l , 
Ot tawa,  Ont.

Audiometry,  t h e  measurement o f  he a r in g  t h r e s h o l d s ,  i s  an 
im p o r t a n t  c l i n i c a l  too l  f o r  t h e  d ia g n o s i s  o f  h e a r in g  impa ir  
ment .  In p r a c t i c e  a u d io m e t r i c  measurements  a r e  no t  made 
above 8 kHz, due to  u n c e r t a i n t i e s  in  headphone -  pinna 
c o u p l i n g ,  e a r  canal  geomet ry,  and c a l i b r a t i o n  p ro c e du re s .  
However, h e a r in g  damage o f t e n  appears  i n i t i a l l y  a t  the 
h ig h e r  f r e q u e n c i e s ,  and an e x t e n s io n  o f  c u r r e n t  te chn iq ues  
to  20 kHz would be h ig h ly  d e s i r a b l e .  In t h i s  t a l k  the l i 
m i t a t i o n s  t h a t  a r e  imposed by e a r  canal geometry on such 
an o b j e c t i v e  w i l l  be d i s c u s s e d .  The v a r i a t i o n s  in s i z e  
and shape o f  e a r  c an a ls  between in d i v i d u a l s  become i n 
c r e a s i n g l y  im por ta n t  as  sound frequency i n c r e a s e s :  th e  
p r e s s u r e  t r a n s f e r  f u n c t i o n ,  from canal  e n t r a n c e  to  eardrum, 
can vary  by as much as  25 dB between s u b j e c t s  above 10 kHz. 
Convent ional  a u d io m e t r i c  te c h n iq u es  must be mo di f i ed  s u b s 
t a n t i a l l y  i f  they a re  t o  be ex tende d above 8 kHz.

F2. "Energy D e te c t i o n  in Normal and Hearing Impaired L i s t e n e r s " ,
B. P a p s in ,  S.M. Abe l ,  H. Kunov, Silverman Hearing Research 
L a b o ra to r y ,  Department  o f  O to la ry ngo lo gy ,  Mount S ina i  Hospi 
t a l  , T o ron to ,  Ont .

A s tu dy  was conduct ed to  e x p lo re  v a r i a t i o n  in a u d i to r y  
temporal  i n t e g r a t i o n  in  l i s t e n e r s  with normal h e a r in g ,  
and impairment  due to  middle  e a r  d y s f u n c t i o n ,  c o ch lea r  
h a i r  c e l l  damage,  a c o u s t i c  neuroma and l e s i o n  o f  th e  tem
pora l  c o r t e x .  Over a block o f  50 tw o - i n t e r v a l  f o r c e d -  
cho ice  t r i a l s ,  s u b j e c t s  were r e q u i r e d  to  determine  which 
o f  two s e q u e n t i a l  i n t e r v a l s  c o n ta in ed  a 1/3 oc ta ve  narrow
band n o i s e  s i g n a l  c e n t e r e d  a t  e i t h e r  1 o r  4 kHz. For each 
o f  e i g h t  s i g n a l  d u r a t i o n s  ( 2 . 5 ,  5 ,  10,  20,  40 ,  80 ,  150,  
and 540 ms) ,  t h e  s t i m u lu s  i n t e n s i t y  was v a r i e d  a c ross  
blocks  such t h a t  t h e  p r o p o r t i o n  o f  c o r r e c t  r e s p o n s e s ,
P ( C ) , ranged from 0 .5 0 (chance performance)  t o  1 .00 
( p e r f e c t  d e t e c t i o n ) .  Major f i n d i n g s  were:  (1) th e  s lo pe  
o f  t h e  fu n c t i o n  r e l a t i n g  t h r e s h o l d  i n t e n s i t y  and d u r a t io n  
v a r i e d  i n v e r s e l y  with  f r e q u e n c y ,  (2)  th e  v a r i a b i l i t y  in 
t h e  t h r e s h o l d  i n t e n s i t y  was g r e a t e r  f o r  4000 Hz than f o r  
1000 Hz, (3) t h e  magnitude o f  th e  s lo pe  o f  th e  temporal  
i n t e g r a t i o n  f u n c t i o n  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  in  
l i s t e n e r s  w it h  co nduct iv e  l o s s  r e l a t i v e  t o  normal 
l i s t e n e r s ,  (4)  th e  magnitude o f  s lope  o f  th e  temporal  
i n t e g r a t i o n  fu n c t i o n  was s i g n i f i c a n t l y  l e s s  in  cas es  o f  
s e n s o r i n e u r a l  lo s s  and a c o u s t i c  neuroma r e l a t i v e  t o  n o r 
mal l i s t e n e r s .

F3. "Determinants  o f  Annoyance a t  Community N o is e " , F.L.  H a l l ,
S.M. T a y lo r ,  S.E.  B i r n i e .

I f  annoyance a t  n o i s e  a r i s e s  p r i m a r i l y  because o f  i n t e r 
f e r e n c e  caused by n o is e  to  a c t i v i t i e s  such as speech and 
s l e e p ,  then sound l e v e l s  from s p e c i f i c  n o i s y  e ve n ts  should  
be good i n d i c a t o r s  o f  annoyance.  This  p a p er  r e p o r t s  the  
r e s u l t s  o f  f u r t h e r  a n a ly se s  t o  t e s t  such a model o f  an 
noyance.  The most im p o r ta n t  r e s u l t s  a r e :  (1)  very s i m i 
l a r  fu n c t i o n a l  forms a r e  found f o r  two d i f f e r e n t  da ta  
s e t s ;  (2)  th e  f u n c t io n s  p r e d i c t i n g  a c t i v i t y  i n t e r f e r e n c e  
from s i n g l e  e v e n t  sound l e v e l s  a re  s i m i l a r  f o r  a i r c r a f t  
and road t r a f f i c  e v e n t s ;  and (3)  t h e  f u n c t i o n s  p r e d i c t i n g  
annoyance from a c t i v i t y  i n t e r f e r e n c e  a pp ea r  t o  be d i f f e 
r e n t  f o r  t h e  two n o i s e  s o u r c e s .

F4. "Measurement o f ,  and A t t i t u d i n a l  Response o f  People  t o ,  Noise 
Trom High Voltage Transmission  Lines  and Trans fo rm er S t a t i o n s -'1 
John E.i<. Foreman,  F a c u l ty  o f  Eng ineer ing  S c i e n c e ,  U n iv e r s i t y  
o f  Western O n t a r i o ,  London, Ont .

The Sound and V ib ra t i o n  L abor a to ry has been engaged in  a 
p r o j e c t  sponsored by t h e  Canadian E l e c t r i c a l  A ss o c ia t i o n  
to  u n d e rt a ke  a program o f  lo n g - t e r m  p h ys ic a l  measurement 
and s t a t i s t i c a l  a n a l y s i s  o f  a u d ib l e  n o is e  ( t o g e t h e r  with  
a s s o c i a t e d  env ironmenta l  c o n d i t i o n s )  which i s  a r e s u l f  o f  
corona d i s c h a rg e  from high v o l t a g e  (550 and 735 kV) t r a n s 
m is si on  l i n e s  unde r  a l l  c o n d i t i o n s  o f  w e a th e r .  Noise a t  
th e  p r o p e r t y  l i n e  from a 735 kV tr a n s f o r m e r  s t a t i o n  has 
a l s o  been s t u d i e d .  The p r o j e c t  a l s o  e n t a i l e d  phychoacous-  
t i c  t e s t i n g  o f  people  t o  de te rm in e  a t t i t u d i n a l  r e spon se  
to  t h i s  form o f  n o i s e ,  as  compared to  o t h e r  env ironmental  
n o i s e s ,  and to  a s s e s s  which measurement "w e igh t in g" o f  
c onven t io na l  sound measuring systems b e s t  c o r r e l a t e s  a t t i 
t u d i n a l  re sponse s  with  corona n o i s e .  This  in fo rm a ti on  i s  
r e q u i r e d  in  o r d e r  t o  p ro v id e  c e r t a i n  g u i d e l i n e s  in the  
de sign  and development  o f  f u t u r e  high v o l t a g e  t r a n s m is s io n

2 ] l i n e s  and in  t h e  m o n it o r in g  and co n tr o l  o f  corona noi se
from t h e s e  l i n e s .
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Président  de séance 
A déterminer

The f i e l d  t e s t s  in Canada were conducted a t  se lec ted  t e s t  
s i t e s  adjacent to Ontario Hydro and Hydro-Québec t r a n s 
mission l ines  and a Hydro-Québec subs ta t ion .  Portable _ 
t r a i l e r s  with inst rumentation were developed fo r  automatic 
long-term s t a t i s t i c a l  data logging of corona noise and 
assoc iated environmental (weather) da ta ;  the  Laboratory 
also developed a microprocessor-based system fo r  the auto
matic recording of corona sounds on s tud io - type ,  four-  
channel tape recorders.
The p ro jec t  involved playback of t e s t  tapes which had been 
prepared from the f i e l d  noise measurements (and which 
included represen ta t ive  samples of o ther  environmental 
no ise ) .  The f a c i l i t i e s  of  the Laboratory, including a 
spec ia l ly  prepared l i s t e n in g  room fo r  sub jec t ive  t e s t i n g  
(which had been furnished and was aco u s t i ca l ly  ca l ib ra ted  
and "shaped"),  were used fo r  the psychoacoustic t e s t i n g .
A summary of  the f i e l d  inst rumentation and laboratory 
t e s t in g  procedures, together  with the r e s u l t s  of psycho
acoustic  t e s t i n g ,  wil l  be presented.

"The Epidemiological Issues in Hearing Loss Among Adul ts" ,
R. Phaneuf, R. Hétu, Ecole d'orthophonie e t  d 1aud io log ie ,
Université de Montréal, Qué.

Cl inic ians  have the d i f f i c u l t  task of a t t r i b u t in g  a 
hearing loss to a p a r t i c u la r  cause, p a r t i c u la r ly  in the 
absence of  re l i a b le  se r i a l  audiometry, and adequate noise 
exposure data.
Furthermore, the occupational heal th  professional must be 
a l e r t  fo r  other  causes of  hearing loss  (noise  or age) pa r 
t i c u l a r l y  those di seases which require  trea tment .  Ac
cordingly,  a comprehensive epidemiological review of  
hearing disorders  focusing on conductive, sensor ineura l ,  
and mixed hearing disorders  d iso rd e rs ,  is presented. The 
current  s t a te  of  knowledged of an age noise in te rac t io n  
as well as para-occupational r i sk  fac to rs  fo r  hearing 
lo s s ,  and diseases are emphasized.
By considering,  the e n t i r e  body of  knowledge, i t  wil l  be 
poss ible  to make more conf ident  statements about the pro
b a b i l i ty  tha t  a p a r t i c u la r  occupational exposure was the 
cause of a p a r t i c u la r  hearing lo ss .  The implica tions fo r  
compensation, r e h a b i l i t a t i o n  serv ice  planning are d i s 
cussed.

"Preliminary Results fo r  a Temporary Cochlear Implant",
S.-M. Tse, S.M. Abel, H. Kunov, 0. Nedzelski,  Department of
Otolaryngology and I n s t i t u t e  o f  Biomedical Engineering, Uni
ve rs i ty  o f  Toronto, Ont.

An experiment is  in progress to determine the  e f f e c t i v e 
ness of a temporary single  channel e lec trode  fo r  auditory 
perception in b i l a t e r a l l y  deaf ad u l t s .  Pre-implant 
screening procedures include pure-tone and speech audio
metry; subtes ts  of the Minimal Auditory Capab i l i t ies  (MAC), 
and the Iowa Cochlear Implant B a t t e r i e s ;  and consonant 
discrimination with and with-out l ip read ing .  Subjects 
are assessed unaided, as well as with high powered hearing 
and v ib r o ta c t i l e  a id s .  Three indiv iduals  sa t i s fy in g  pre- 
es tab l ished  c r i t e r i a  fo r  to ta l  deafness have been su rg i 
ca l ly  implanted with a s ing le  ball  e lec trode  measuring 
approximately 2 mm in diameter.  This was in se r ted  through 
the external  auditory canal and placed in contact  with 
the round window membrane. Post-opera tive  t e s t i n g  com
pr ises  psychophysical procedures to measure c u r r e n t - th r e s 
holds and dynamic range fo r  s i n e ,  square and b iphas ic  
pulse waveforms, frequency and gap d iscr im inat ion .  An 
analog version of fundamental frequency i s  presented to 
the electrode as a cue to speech perception. Speech 
t e s t i n g  allows assessment of  improvements in tracking 

and d isc r iminat ion of p r e l i n g u i s t i c  and supersegmental 
parameters.  Preliminary r e su l t s  suggest t h a t  the tempo
rary  implant allows disc riminat ion  of  p i tch contours and 
voic ing,  improved speech t rack ing ,  and gap d iscr im inat ion .

G1. "The emergence of S e n s i t iv i ty  to Doh, Me, Sol '1, A.J.  Cohen, 
S.E. Trehub, L.A. Thorpe, B.A. Morrongiello, CRHD, Erindale 
Campus, University of Toronto, Mississauga, Ont. L5L 1C6.

The fo u r th ,  f i f t h ,  and s ix th  harmonics form what is  known 
in music as the major t r i a d .  The re la t io n  is often r e 
fe r red  to as doh, me, s o l ,  corresponding to the names of 
the notes of the major sc a le .  In multidimensional scaling 
s tu d i e s ,  the major t r i a d  beginning on the ton ic  or f i r s t  
note o f  the scale  is  judged most s tab le  of  a l l  chords of 
the sca le  (Krumhansl & Kessler ,  1982). However, beyond 
i t s  unique role  in the musical s c a le ,  the major t r i a d  is 
granted great  s t ru c tu ra l  s ign i f icance  in music theory.
Even young children recognize pa tte rns  ending in the ma
j o r  scale  as "be t te r"  than those which do not (Krumhansl 
& Kei l , 1982). At the level of the  mic ros truc tu re  of 
musical p i tc h ,  the  major t r i a d  r e l a t i o n ,  by v i r tu e  of i t s  
small in teger  frequency r a t i o s ,  has pr iv i leged  s ta tu s  with 
respect  to pe r io d ic i ty  theor ies  of p i tch  processing,  and 
indeed, infants  of  7 months appear to categorize  pitch 
s im ila r ly  to adult s (Clarkson & c l i f t o n ,  1984). Although 
in fan ts  can be considered unfamil iar with Western-European 
music, they have the opportunity o f  encountering the ma
j o r  t r i a d  by v i r tu e  of i t s  frequency r a t i o s ,  in every 
complex tone. There i s  there fore  a p o s s ib i l i t y  t h a t  the 
major t r i a d  has a p r i o r i t y  in auditory pa t te rn  recogni 
t ion  in infancy. This would account for  the  s ign if ic ance  
of  the major t r i a d  as a basic  element of  musical grammar. 
Following a review of these  i s su e s ,  we describe research 
d irec ted  a t  revealing i n f a n t s '  g re a te r  s e n s i t i v i t y  to a 
melodic pa ttern  which e x p lo i t s  the major t r i a d i c  pa tte rn  
as compared to one which does not.  Although a group of 
20 in fan ts  of 11 months can d isc r iminate  e semitone d i f 
ference  (frequency ra t i o  1.06) in one note of a major 
t r i a d i c  sequence in the condit ioned headturn procedure, 
a comparable group of in fan ts  performs no worse on a s i 
milar melodic pa tte rn  which lacks the  major t r i a d i c  s t r u c 
tu re .  From these da ta ,  i t  appears th a t  heightened s e n s i 
t i v i t y  to the melodic major t r i a d  i s  not present  a t  t h i s  
ear ly  age and emerges with e i t h e r  maturation and/or ' 
experience before ear ly  childhood.

G2. "Expected Vocabulary Capacity of Automatic Speech Recogni
z e r s ", J .Z .  Jacobson, L. Vigneault  (Bureau of Management 
Consu l t ing) , N.J. Pullman (Queen's Universi ty)  and M.M. Taylor 
(D.C.I.E.M.) Toronto, Ont.

One such question concerns the  evaluation of d isc re te  
ut te rance  recognizers.  There are several ava i lab le  such 
automatic speech recognizers (ASTR's) a v a i l ab le ;  there  are 
thousands or  more of po ten t ia l  app l i ca t io n s .  I t  is  not 
feas ib le  to evaluate  every device se para te ly  fo r  each 
po tent ia l  app l ica t ion .
There may be a sho r tcu t .  Output from a d i s c r e t e -u t t e r a n -  
ce ASR may be re t r ieved  in the  form of distances from an 
ut te rance  to the stored templates.  We hope to discover 
the f i n i t e  space which any given device operates i n ,  and 
estimate  i t s  volume. After  t h a t ,  we hope to measure the 
smalle r  f i n i t e  volume t h a t  one attempt to say a s ing le  
word f a l l s  in to .  Then d ividing the  f i r s t  volume by the 
second gives the  "Effect ive  Vocabulary Capacity", an e s 
t imator  o f  the machine's l a r g e s t  poss ible  vocabulary.
Many things are not known, however.
The dimensionality o f  the space i s  not given. The metric  
is  not given e i t h e r .  There are  several reasonable metrics 
t h a t  could be used. I t  i s  not t r i v i a l  to decide which 
one applies in any one case. Some machines may operate 
in c i ty -b lock  distances while others  attempt to output 
normal Euclidean distances  and s t i l l  o thers  may may operate 
by the maximum distance along any dimension.
Further,  whatever the metric  th a t  the machine may be in 
tended to use , i s i t  being applied pe r fec t ly?  Perhaps 
not ,  and t h a t  implies th a t  the underlying space may be 
curved. For th a t  matter the space may be discontinuous 
or piecewise continuous.
Diffe rent  ones of these questions are solved in d i f f e re n t  
ways. Given a known m etr ic ,  fo r  example, there  are t ech 
niques to p a r t i t io n  rec tangula r  distance matrices  so th a t  
templates and ut te rances may be p lo t ted  in the same space. 
A l te rn a t iv e ly ,  by forcing templates to become u t te rances ,  
i t  may be poss ib le  to make a t  l e a s t  some o f  both to occupy 
the  same space. Other techniques apply when those condi
t ions  do not hold.
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33. "Un aven ir  pour la d é t é r io r a t i o n  méthodique de la  paro le  de 
synthèse de haute q u a l i t é 11, L. S a n te r re ,  G. Basque, Univer si té 
de Montréal,  Montréal,  Qué.

L 'analyse-syn thèse  de l a  parole nous a f a i t  f a i r e  de 
grands progrès dans l a  connaissance des t r a i t s  pe r c e p t i f s  
de la  paro le ,  â l a  s u i t e  de D e la t t r e  e t  a l .  dans l e s  an
nées 50. Mais l a  percept ion  n ' a  pas encore p r i s  l a  place  
pr imordia le  qui lu i  r e v ie n t  dans l a  d é f in i t io n  des i n d i 
ces acoust iques  de la  paro le .
Les t e s t s  de pe rcep t io n ,  qui son t  toujours  3 l a  base des 
expériences d 'a na lyse - syn thèse  de l a  parole (ou de musi
que - Xavier Rodet a l ' i r c a m  de P a r i s ) ,  sont encore en 
p a r t i e  faussés  par  l a  pauvre q u a l i t é  de la synthèse ;  
seules des manipulations su r  la synthèse aussi p a r f a i t e  
pour l ' o r e i l l e  que l a  pa ro le  n a tu r e l l e  peuvent permett re 
d'apprendre ce q u ' e s t  l a  parole  humaine elle-même.
Des progrès v iennent  d 'S t r e  f a i t s  dans l a  synthèse de >a 
parole  de haute q u a l i t é .  Une équipe de l 'U n iv e r s i t é  de 
Montréal e t  un l a b o r a t o i r e  du CNRS ( l e  LIMSI 5 Orsay)' 
r é a l i s e n t  maintenant de l a  pa ro le  de synthèse q u ' i l  e s t  
d i f f i c i l e  de d i s t i n g u e r  de la parole  n a t u r e l l e .
L ' i n t é r é t  de c e t t e  synthèse de q u a l i t é  e s t  mult ip le :

1. Des t e s t s  de percept ion  peuvent ê t r e  t r è s  r igou
reusement co n t rô lé s  tou t  en ayant l a  q u a l i t é  de la 
pa role  humaine authent ique .

2. On pourra a 1 'a v e n i r  dégager les  indices a c o u s t i 
ques de la  paro le :  On ne l e s  connaît  pas ou si  peu.

3. Quand on co n n a î t r a  mieux les  indices acoustiques 
de l a  pa ro le ,  on aura f a i t  un grand pas dans la 
progranmation de la synthèse par règles  pour f a i r e  
p a r l e r  les  o rd ina teu rs  "cornue du monde", non plus 
comme des robots  s t é r é o ty p é s .

4. Les domaines de recherche r e s t e n t  considérab les:  
ce sont l a  d e sc r ip t io n  des indices acoustiques de 
la pa ro le ,  des c a r a c t é r i s t i q u e s  i n d iv id u e l le s ,  des 
champs de v a r i a t i o n s  s t y l i s t i q u e s ,  e t  des s e u i l s  
de percep t ion .

5. Enfin l a  syn thèse  f ine  permett ra sans doute de f a i r e  
des progrès plus rapides dans l a  reconnaissance au 
tomatique du langage, en a idan t  a la  simulat ion de 
l a  percept ion  du langage réel .

P.S. On p résen te ra  une i l l u s t r a t i o n  sonore.

SESSION (H) ACOUSTIQUE ARCHITECTURALE

Pré s iden t  de séance 
J .  Rennie 

SNC
Division Environnement

11. "Sound Transmission Loss Measurement by the Sound In te n s i ty  
Technique", R.M. Guy, A. De Me.y, Centre fo r  Building S tu d ie s , 
Concordia Univers i ty , Montréal,  Qué.

The sound i n t e n s i t y  technique i s  being implemented to 
measure sound t ransm iss ion  lo ss  a t  the Centre fo r  Bui l
ding Studies a c o u s t i c  t e s t  f a c i l i t y ,  and i t s  va l ida t ion  
wil l  be discussed.
The po ten t ia l  o f  t h i s  technique i s  explored by t r ac ing  
the sound power flow through panels with and without 
absorbent lined  s i l l s  and r e v ea l s .

12. "A Transmission Loss Microcomputer Data Base", R.W. Guy,
A. Munn, Concordia U n iv e rs i ty ,  Montréal,  Qué.

A database system cons is t ing  o f  wall sec t ion  d es c r ip 
t io n s  along with t h e i r  t ransm iss ion  loss  sp ec t ra  (as 
reported by o ther  workers) and t h e i r  sound transmiss ion 
c la s s  (STC) has been e s t a b l i s h e d .  The system has been 
s p e c i f i c a l l y  developed f o r  microcomputer use and employs 
data o r ig in a l ly  c o l l a t e d  fo r  minicomputer app l ica t ion  
without s i g n i f i c a n t  lo ss  of  d e t a i l .
The system has f a c i l i t i e s  f o r  managing the data  (changes, 
a d d i t io n s ,  d e l e t i o n s ,  and data d i sc  c rea t io n )  along with 
a search f a c i l i t y  which allows the user to  f ind panels 
according to s t i p u l a t e d  requirements o f  weight ,  t h i c k 
ness ,  mater ia l t y p e ,  number o f  l a y e r s ,  or  STC. Source 
refe rence  and mounting condi t ions fo r  given en t ry  are 
contained wi thin t h a t  e n t r i e s  d e sc r ip t iv e  t i t l e .
The system is  c u r r e n t ly  implemented on an Apple II  Plus 
microcomputer in MBASIC and thus i s  por tab le  to  o ther  
microcomputer types . The database p resen t ly  contains  
one thousand panel e n t r i e s  which i s  about the sto rage  
capac i ty  of a one sided floppy d isc .
A s e r ie s  o f  i n t e r a c t i v e  menus guides the user through 
th e  various se c t ions  of the system which include p ro v i 
sion fo r  typed o r  graphical output  o f  se lec ted  e n t r i e s .  
Guide booklets descr ib ing  the system and i t s  use have 
al so  been prepared.

H3. "Airborne and Structu reborne Noise In tens i ty  Measurement by 
Using a Cross Spectral Technique", A. Chawla, N. Popplewell, 
Mechanical Engineering D ept . , Universi ty  of Manitoba, Winni
peg, R3T 2N2.

An in v e s t ig a t io n  has been i n i t i a t e d  in conjunct ion with 
a local computer manufacturer to  develop a measurement 
system capable of  determining ai rborne and s t ruc tureborne  
noise i n t e n s i t i e s .  The bas ic  methodology of  t h i s  system 
i s  based on a cross spec t ra l  technique. I t s  accuracy was 
a ssessed  by using a d ig i t a l  computer as the source of 
sound and v ib r a t i o n .  The predominant frequency inherent  
to the  computer 's dynamics was about 55 Hz which is  some
what lower than t h a t  normally encountered in a irborne and 
s t ruc tureborne  i n t e n s i t y  meausrements. Problems asso 
c ia t e d  with determining such low frequency sound sources 
and the cor responding s t ructureborne  v ibra t ion  paths wil l  
be discussed f u l l y .  The f i r s t  pa r t  of  the paper will  
compare overa l l  sound power measurements with convention- 
n a l ly  measured data and will  presen t  the more e a s i l y  ob
ta ined  ranking of the var ious sources . The second par t  
of the  paper wil l  i d e n t i fy  important st ructureborne v i 
b ra t ion  paths by using a novel cross  spect ra l  technique 
using two accelerometers .  F in a l ly ,  the c o r re la t io n  b e t 
ween the a i rborne  and st ruc tu reborne  in t e n s i t y  data wil l  
be presen ted with a d iscussion  o f  the r e su l t in g  p rac t ica l  
im pl ica t ions .

H4. "Privacy in Open Plan O f f i c e s " , P. Moquin, Public Works, 
College P laza , 8215-112 S t r e e t ,  Edmonton, A lb . ,  T6G 5A9. 

Open-plan o f f i c e s  are  enjoying a comeback so i t  was f e l t  
t h a t  an acous t ica l  standard should be e s tab l i sh ed .  A 
review of the l i t e r a t u r e  was done. Using s im plif ied  
acous t ica l  formulae, a computer simulation was developed 
fo r  ca lc u la t in g  privacy in screened worksta tions by va
ry ing var ious parameters.  Using a fixed masking spectrum, 
the e f f e c t  o f  c e i l i n g  abso rp t ion ,  screen he ight  and 
screen transmiss ion loss  were inves t iga ted .  Correlat ion 
between computer simulation  and t e s t  data was a lso  per 
formed. This information permits the development of 
sp e c i f i c a t i o n s  fo r  var ious l eve ls  of  privacy ty p i c a l ly  
required  in a government f a c i l i t y .

H5. "Etude du comportement acous tique des systèmes de p a r t i t i o n s  
mobiles" , C. Yockell,  J. -G. Miqneron, C.R.A.D., Université 
Laval,  Québec.

Le t r a v a i l  de recherche présen té se d iv ise en t r o i s  gran
des p a r t i e s .  La première de ces p a r t i e s  po r te ra  su r  les  
r é s u l t a t s  r e l a t i f s  a l ' i s o le m e n t  global procuré par les  
p a r t i t i o n s  e t  su r  l ' é t u d e  des co r ré la t ions  e n t re  l e s  r é 
s u l t a t s  obtenus pour les  deux d i rec t ions  de propagat ion, 
ou bien l e u r  moyenne, en fonct ion de chacune des méthodes 
de mesure u t i l i s é e s .  La seconde p a r t i e  concernera plus 
pa r t i c u l i è re m e n t ,  l a  q u a l i t é  des j o in t s  e t  des p a r t i t io n s  
en r e l a t i o n  avec l e s  ner tes  nnnr tuel les  d 'i so lem ent . On 
y f e ra  dans un premier temps l ' a n a ly s e  des comportements 
des d i f f é r e n te s  s o r te s  de p a r t i t io n s  en se basant sur les  
p e r te s  moyennes de l 'ensemble des j o in t s  e t  sur l a  d i sp e r 
s io n ;  en second l i e u ,  on y cons idérera  la q u a l i t é  a c o u s t i 
que des d i f f é r e n t s  types de j o i n t s ,  af in  d 'en déterminer 
l a  con t r ibu t ion  en termes de per te  d ' e f f i c a c i t é  acoustique 
e t  d'en v é r i f i e r  l ' impor tance  selon les modèles. Un rap
pel des d i f f é r e n t e s  méthodes de mesure u t i l i s é e s  lo r s  de 
l ' a p p r é c i a t i o n  des q u a l i t é s  d' iso lem en t  global des p a r t i 
t i o n s ,  complétera c e t t e  p a r t i e  analy tique e t  permettra de 
v é r i f i e r ,  en se basant  su r  l ' é t u d e  des co r ré la t io n s  en tre  

. l e s  r é s u l t a t s  moyens d 'i so lement  global e t  l e s  per tes  
d 'i so lement  ponctuel des d i f f é r e n t s  types de j o i n t s ,  l a 
quel le  de ces méthodes e s t  suscep t ib le  d e . c a r a c t é r i s e r  le  
plus simplement poss ib le  le  comportement réel de ce type 
de p a r t i t i o n s .  Enf in , la tro is ième p a r t i e  por te ra  sur 
l ' é t u d e  de la  r e l a t i o n  e x i s ta n t  en t re  l ' i s o le m e n t  global 
d'une  p a r t i t i o n  e t  l a  pente iso lement/f réquence. On y 
fe ra  1 'étude du comportement des p a r t i t io n s  en fonction 
du déplacement des pentes de la courbe d ' i n d i c e  d ' a f f a i 
bl issement  acoustique de 125 a 1000 Hz, de 1000 a 4000 Hz 
e t  globalement de 125 a 4000 Hz, e t  on analysera f i n a l e 
ment 1 ' i n t im i t é  procurée en fonct ion de ces pentes globa
les  .
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SESSION ( I )  ECRAN ET BRUIT COMMUNAUTAIRES

H6. "Experimental  Measurements on Room A c o u s t i c s :  A C r i t i c a l  Re
view o f  Rev erbe ra t ion  Time T h e o r i e s " ,  V.J .  Chvojka . G. O st iq u v .  
L. Mongeau, Département de mécanique  a p p l i q u é e ,  Ecole P o l y t e c h 
n iq ue ,  U n iv e r s i t é  de M ont ré a l ,  M o n tr éa l ,  Qué . ,  H3C 3A7.

The purpose o f  t h i s  p r e s e n t a t i o n  i s  to  de te rm ine  whether  
one the ory  of  sound decay in  a room i s  o f  g r e a t e r  va lue  
than  o t h e r s  in p r e d i c t i n g  t h e  r e v e r b e r a t i o n  t ime.
As a f i r s t  s t e p  to  t h i s  a pp ro a ch ,  a c o u s t i c a l  p r o p e r t i e s  
of  s ev e ra l  l e c t u r e  rooms o f  v a r i o u s  shapes  were measured 
re g a r d in g  th e  fo l l owin g a s p e c t s :  A) v e r i f i c a t i o n  o f  th e  
r e v e r b e r a t i o n  f i e l d  h y p o th e s i s  b ro a dl y  a p p l i e d  to  rooms by 
decay comparison measured in  d i f f e r e n t  s o u r c e - r e c e i v e r  po 
s i t i o n s  B) d i f f e r e n c e s  o f  decay v a r i a t i o n s  by us ing  a d i 
r e c t i o n a l  s t a t i o n n a r y  s ou rce  ( l o u d s p e ak e r)  ver su s  th e  om
n i d i r e c t i o n a l  impulse s ou rce  C) i n f l u e n c e  on decay o f  th e  
presenc e  in  th e  room o f  v a r io u s  f u r n i t u r e s  and a c c e s s o 
r i e s .
In o r d e r  to  a ch ieve  th e  c a l c u l a t i o n s  o f  r e v e r b e r a t i o n  t im e ,  
we f i r s t  used the  Sabine  Abso rp t io n  C o e f f i c i e n t  of  a l l  ma
t e r i a l s  in  the  rooms to  c a l c u l a t e  t h e i r  mean a b s o r p t i o n  
c o e f f i c i e n t .  Fur thermore ,  we a l s o  employed t h e  Normal and 
S t a t i s t i c a l  C o e f f i c i e n t s .
To reach  th e  b e s t  t h e o r e t i c a l  a pp ro a ch ,  our  r e s u l t s  were 
compared to  s evera l  s t a t i s t i c a l  and g eom e tr i c a l  t h e o r i e s  
such as th os e  of  Sa bi ne ,  E yr in g ,  M i l l i n g t o n ,  K u t t r u f f ,  
F i t z r o y  and P u j o l l e .
Our c o n c l u s io n ,  even wi th  our  l i m i t e d  d a t a ,  i s  in a c c o r 
dance wi th  th e  one o f  Lim & Lehmann t h a t  no unique th e o ry  
i s  p e r f e c t  bu t  the y  a l l  comple te  each o t h e r .

The ne xt  s t e p  o f  ou r  p r o j e c t  i s  t h e  s e a rc h  f o r  th e  most 
r e l i a b l e  ab s o r p t i o n  c o e f f i c i e n t .

H7. "A Comparison o f  Three T h e a t r e s " ,  J . S .  B ra d le y ,  Noise and Vi 
b r a t i o n  S e c t i o n ,  Divis ion  of  B ui ld in g  Res earch ,  NRC, Ottawa,  
O n t . , K1A 0R6.

Acou st i ca l  measurements were made in  t h r e e  q u i t e  d i f f e r e n t  
t h e a t r e s .  Convent ional a c o u s t i c a l  measures such as back 
ground no is e  l e v e l s  and r e v e r b e r a t i o n  t imes  were ob ta in e d  
as wel l  as speech i n t e l l i g i b i l i t y  s c o r e s .  In a d d i t i o n ,  
newer a c o u s t i c a l  measures such as e a r l y - t o - l a t e  a r r i v i n g  
sound r a t i o s  and e a r l y  decay t imes  were c a l c u l a t e d .  The 
measurements a re  used to  compare th e  a c o u s t i c a l  q u a l i t i e s  
o f  th e  t h r e e  t h e a t r e s ,  to  i d e n t i f y  p a r t i c u l a r  weaknesses  
and to  demonst ra te  th e  va lu e  o f  th e  newer a c o u s t i c a l  
me a su re s .

H8. " L ' a c c e p t a b i l i t é  de l ' i s o l a t i o n  a c o u s t i q u e ,  pour  l ' o c c u p a n t , 
e s t  fo n c t i o n  du niveau de b r u i t  de fond des p i è c e s " , ü .  Rennie,  
SNC, Divi s i on  Environnement,

Les mesures d ' i s o l a t i o n  e f f e c t u é e s  dans des bureaux e t  
des logements on t  démontré que 1 'o cc upa nt  dé te rmin e  en 
grande p a r t i e  l ' a c c e p t a b i l i t é  de l ' i s o l a t i o n  aco u s t i q u e  
d ' a p r è s  l e  n iveau de b r u i t  de fond d ' un e  p i è c e .
Les n iveaux de b r u i t  de fond mesurés  dans d i v e r s  lo ge 
ments e t  bureaux s o n t  b ien  i n f é r i e u r s  3 ceux que l ' o n  
a t t e n d  dans l e  des ig n  a c o u s t i q u e  des l i e u x .  Ce problème 
pe ut  ê t r e  r é g l é  par une approche  g l o b a l e ,  dont  on d i s c u t e ,  
au moment de l a  c o nc ep t io n  des  e sp ac es  oc cupés .

P r é s i d e n t s  de séance  
M. Amram 

Ecole  P ol y t ec hn iq ue  
Montréal 

J . - G .  Migneron 
U n i v e r s i t é  Laval 

Québec

11. "Développement d 'u n  modèle i n f o r m a t i s é  pour l ' é t u d e  d ' i m p ac t  
des a u t o r o u t e s  e t  l e  c a l cu l  des éc r an s  a c o u s t i q u e s " , J . - G .  
Migneron, A. E s te v e ,  P. J a c q u e s ,  C.R.A.D. ,  U n i v e r s i t é  Laval , 
Québec.

Il e x i s t e  de nombreux modèles ma thémat iques ,  depuis  l e s  
a ppr oches  de JOHNSON e t  SAUNDERS ou de RATHE, pour d é c r i 
r e  l ' i m p a c t  a c o u s t i q u e  de l a  c i r c u l a t i o n  au to mo bi le .  
Néanmoins,  l e  passage  de la  t h é o r i e  3 l ' i n f o r m a t i q u e ,  de 
façon S l a  f o i s  p r a t i q u e  e t  r é a l i s t e ,  pose de nombreux 
p ro bl èm es ,  3 commencer pa r  l e s  para mè tre s  de c i r c u l a t i o n  
qui d o i v e n t  ê t r e  p r i s  en compte ,  t e l s  que l a  v i t e s s e ,  le  
d é b i t ,  l e  pou rcen tage  de poids  l o u r d s ,  l e  nombre de v o i e s ,  
l ' é t a t  de la  c h au s s é e ,  la  pe n te  des v o ie s  de c i r c u l a t i o n ,  
l a  forme e t  l a  l o c a l i s a t i o n  du c o r r i d o r  p a r  r a p p o r t  aux 
t e r r a i n s  a v o i s i n a n t s ,  e t c .  Le CRAD de l ' U n i v e r s i t é  Laval 
a b s t i , pour  ses  p ro pr es  be so in s  de r e c h e r c h e  e t  d ' e x p e r 
t i s e ,  un modèle in fo r m a t i q u e  t r è s  s o u p l e ,  dont  l e  déve 
loppement se  p o u r s u i t  encor e  pr é s en te m e n t .  Les problèmes  
r é s o l u s  j u s q u ' a  ce j o u r  c o n ce r n e n t  l e s  systèmes  de c o o r 
données  pour  l e s  v o i e s ,  l e s  é c r a n s  e t  l e s  r é s i d e n c e s  ex 
posées  au b r u i t ,  a i n s i  que l a  p ro d u c t i o n  d ' i s o - c o n t o u r s  
dans des p l a n s  v e r t i c a u x  se lo n  des p a ram èt res  re conn us ,  
t e l s  Leq, Leq (24 h ) ,  L 50%, L 99%, e t c .  L ' e xp osé  p o r t e 
ra  s u r  l ' a d a p t a t i o n  du modèle 3 l a  r é a l i t é  u r b a i n e ,  t e l l e  
que mesurée  s u r  l e  s i t e ,  a i n s i  que s u r  l e s  problèmes  posés  
p a r  l a  m o d é l i s a t i o n  in fo r m a t i q u e  dans des cas  p a r t i c u 
l i e r s  corme c e l u i  des écr ans  m u l t i p l e s ,  des a u t o r o u t e s  en 
t r a n c h é e  ou des a u to r o u te s  en v i aduc .

12. "Etude s u r  maquet te  des e f f e t s  d ' i n t e r f é r e n c e s  ob te nus  avec 
un" écr an  a j o u r é  dé phase ur ;  v é r i f i c a t i o n  th é o r i q u e  e t  appTTca- 
t i o n s  p o s s i b l e s " , L. Drouin ,  J .M. Rap in ,  M. Amram, Ecole  Pol y 
te c h n iq u e  de M ont ré a l ,  Dépar tement de gé ni e  p h y s iq u e ,  M ont ré a l ,  
Qué.

C e t te  é tu d e  a pour o b j e c t i f  de m ont r er  q u ' i l  e s t  p o s s i b l e ,
3 l ' a i d e  d 'u n  nouveau type  d ’é c r a n  a c o u s t i q u e  a j o u r é ,  d ' o b 
t e n i r  des e f f e t s  d ' i n t e r f é r e n c e s  i n t é r e s s a n t s ,  e n t r e  le s  
ondes  s ono re s  de ba ss e s  f r éq uences  d i f f r a c t ê e s  p a r  Te som
met e t  l e s  ondes r é f r a c t é e s ,  c ' e s t - a - d i r e  t r a n s m i s e s  pa r  
t r a n s p a r e n c e  3 t r a v e r s  l a  s t r u c t u r e  avec un r e t a r d  de 
phase .
Pour l e s  me su r es ,  nous avons u t i l i s é  l e  Cent re  des 

Maquettes  du C.S.T.B.  de Gre no bl e ,  l a b o r a t o i r e  s p é c i a l e 
ment conçu e t  éq uip é  pour l a  r e p r é s e n t a t i o n  des phénomènes 
a c o u s t i q u e s  s u r  modèles r é d u i t s  a p e t i t e  é c h e l l e .  La mé
thode  e x p é r im e n ta le  c o n s i s t e  a comparer l e  champ de p r e s 
s io n  a c o u s t i q u e  mesuré en a r r i è r e  de 1 ' é c r a n  a jo u r é  dépha 
s e u r  ( s u p e r p o s i t i o n  des ondes d i f f r a c t ê e s  e t  r é f r a c t é e s )  
avec l a  somme des champs de p r e s s i o n  mesurés  séparément  en 
a r r i è r e  d 'u n  é cr an  p l e i n  de même forme (ondes d i f f r a c t ê e s  
s e u l e s )  e t  en a r r i è r e  d 'un  écr an  a j o u r é  " b a f f l é "  en son 
sommet (ondes t r a n s m is e s  s e u l e s ) .
Les r é s u l t a t s  des m esu res ,  c onf i rm és  p a r  la  t h é o r i e  é l a b o 
ré e  3 1 'Ec ole  P ol y t ec hn iq ue  de Montréal  , m on tr en t  que 
l ' o n  p e u t  o b t e n i r  des i n t e r f é r e n c e s  d e s t r u c t i v e s  im por tan 
t e s  aux ba sse s  f r é q u e n c e s ,  l o c a l i s é e s  a u t o u r  de l a  l i g n e  
d 'ombre .  Ce procédé  e s t  a c t u e l l e m e n t  en cou rs  d ' a p p l i c a 
t i o n  en vue d ' a m é l i o r e r  1 ' e f f i c a c i t é  aux ba ss e s  f ré qu ences  
des é c r an s  c o n v e n t i o n n e l s .

To our readers
Make our advertisers feel 

wanted. Tell them you saw their 
advertlsment in

Canadian Acoustics
24



, "Absorp t ive M a t e r i a l s  f o r  Sound B a r r i e r s  Along Highways '1,
F.W. Ju ng ,  C. B laney ,  M i n i s t r y  o f  T r a n s p o r t a t i o n  and Communi -  
c a t i o n s ,  Research and Development Branch,  1201 Wilson Av . ,  
Downsview, O n t . ,  M3M 1J8 .

In co o p e r a t io n  w i th  i n d u s t r y ,  t h e  O n ta r i o  Government has 
a c t i v e l y  pursued a program o f  deve lo ping  sound a b s o r p t i v e  
m a t e r i a l s  which can be used with  e x t e r i o r  b a r r i e r  w a l l s .  
The most s u c c e s s f u l  d e s ig n s  a r e  a combina t ion o f  well  
t un ed  "Helmholz Chambers",  in t h e  form o f  p e r f o r a t e d  ( o r  
s l i t )  p a n e l s ,  and w e a th e r p r o o f  f i b r o u s  m a t e r i a l s  behind 
t h e  p a n e l s .  Experimental  r e s u l t s  from s t a n d i n g  wave tube  
and s t a n d a r d  r e v e r b e r a t i o n  chamber t e s t s  a r e  compared 
w i th  one a n o th e r  and w it h  t h e o r e t i c a l  c a l c u l a t i o n s .  In 
p a r t i c u l a r ,  th e  fo l l o w i n g  problems w i l l  be ad d re ss ed :

1.  Can s t a n d i n g  wave tube  t e s t s  be used to  p r e d i c t  
th e  Noise R educt ion  C o e f f i c i e n t  ( NRC)?

2 .  What a r e  t h e  l i m i t a t i o n s  o f  s imp le  s t a n d i n g  wave 
tu be  t e s t s  i n  p r e d i c t i n g  NRC?

3 .  How does t h e  NRC change w it h  changes in  de sign  d i 
mensions ( Ï  o f  h o le s  and volume behind p e r f o r a t i o n s ,  
t h i c k n e s s  and l o c a t i o n  o f  s p e c i f i c  f i b r o u s  ma te
r i a l s ) ?

4.  In fo rm a ti on  on d u r a b i l i t y  th ro ugh  w e a th e r i ng  t e s t s .
5 .  P r e s e n t a t i o n  o f  systems s u c c e s s f u l l y  deve lo ped .  

Research in  t h i s  a r e a  i s  s t i l l  ongo ing,  and more r e s u l t s  
w i l l  be p r e s e n t e d  a t  a l a t e r  d a t e .

;. "P ro pag a t i on  du son en p ré s en ce  des s u r f a c e s  e n n e i g é e s " ,
G.A. D a ig l e ,  NRC, Ottawa e t  J .  N i c o l a s ,  J . - L .  B er ry ,  GAUS, 
U n i v e r s i t é  de S he rb rooke ,  Sh erb rook e,  Qué. ,  JIM 2R1.

La m o d é l i s a t i o n  de l a  p ropa ga t i on  du son en p ré s ence  
d 'u n e  s u r f a c e  homogène a é t é  la rg em en t  t r a i t é e  dans l a  
l i t t é r a t u r e  mais  l e  cas  d ' u n e  s u r f a c e  d ' é p a i s s e u r  f i n i e  
r e p o s a n t  s u r  un m i l i e u  r é f l é c h i s s a n t ,  a s u s c i t é  que peu 
d ' i n t é r ê t .  ■ A ce p r o p o s ,  des mesures  d ' a t t é n u a t i o n  sonore  
en p ré s en ce  de couches de ne ige  d ' é p a i s s e u r  v a r i a n t  e n t r e  

5 e t  50 cm ont  é t é  e n t r e p r i s e s .  Des e x p é r i e n c e s  o n t  ég a 
lement  é t é  r é a l i s é e s  en i n t é r i e u r  s u r  des mousses r é t i c u 
l é e s  en é p a i s s e u r  f i n i e .  Les r é s u l t a t s  ob te nus  r é v è l e n t  
l ' i n a d é q u a t i o n  du modèle t h é o r iq u e  assumant  un m i l i eu  
d ' é p a i s s e u r  f i n i e  e t  une e x t e n s io n  s imp le  e s t  suggérée 
po ur  t e n i r  compte de l a  t r a n s m is s io n  d 'o ndes  s p h ér iq u es  
dans l e  m i l i e u  po re ux .  Le modèle a i n s i  ob tenu  se  compare 
t r è s  fa vo ra b le m en t  avec l e s  exp é r i e n c e s  r é a l i s é e s  en mi
l i e u  s em i -an éch o iq u e ,  a i n s i  qu 'S  l a  grande v a r i é t é  de 
s u r f a c e s  e nne igée s  e n v i s a g é e s .

5. "Underwater Measurements o f  Impact Noises  on I c e " ,  P.  de Hee- 
r i n g ,  M.. D e sp a ro is ,  P. S u t c l i f f e ,  Canadian A s t r o n a u t i c s  L t d . ,  
1050 Morrison Dri ve ,  Ottawa,  O n t . ,  K2H 8K7. .

Under a c o n t r a c t  w it h  t h e  Department  o f  F i s h e r i e s  and 
Oceans,  t h e  a u th o r s  have measured by means o f  underwater  
hydrophones th e  n o i s e  s p ik es  produced in  t h e  w a te r  under 
an i c e  l a y e r  when a b u l l e t  h i t s  t h e  i c e .  These e x p e r i 
ments were conduct ed both on th e  f r e s h  w a te r  i c e  o f  th e  
Ottawa R iv e r  {Feb ru ary 1984) and on th e  sea  i c e  ne ar  
R eso lu te  Bay (may 1984) w it h  .30 and .45 c a l i b e r  b u l l e t s  
o f  v a r io u s  t y p e s .  The p r e s e n t a t i o n  w i l l  i l l u s t r a t e  and 
d i s c u s s  t h e  v a r io u s  e f f e c t s  obse rved .

6. "Emission Leve ls  o f  Véh icu lé s  in O n t a r i o " , F . J .  Ju n g ,  C.T. 
B laney ,  M in i s t ry  o f  T r a n s p o r t a t i o n ,  1201 Wilson A v . ,  Downs
view,  O n t . ,  M3M 1J8.

The FHWA-method o f  t r a f f i c  n o i s e  p r e d i c t i o n  was s e t - u p  
w it h a c e r t a i n  a ssumption on th e  ave rage  emis sion l e v e l s  
o f  t h e  t h r e e  c a t e g o r i e s  o f  v e h i c l e s ,  c a r s ,  medium and 
heavy t r u c k s .  I t  was a l s o  recommended t h a t  each agency 
( S t a t e  o f  Pr ov in ce )  shou ld i n v e s t i g a t e  and bheck on 
emis sion l e v e l s  o f  t h e i r  v e h i c l e  f l e e t s .  Some a gen c ie s  
have c a r r i e d  o u t  such i n v e s t i g a t i o n s  and have mod if ied  
t h e i r  i n p u t  a c c o r d i n g l y .
Onta r i o  has embarked on a p r o j e c t  t o  measure samples  o f  
v e h i c l e s  and to  use th e  r e s u l t s  f o r  r e c a l i b r a t i n g  th e  
emis sion l e v e l  i n p u t  e q ua t io n  o f  t h e  FHWA-model. The 
r e p o r t  p r e s e n t s  t h e  r e s u l t s  o f  such measu rements ,  in 
terms o f  em is sion  l e v e l s  as a fu n c t i o n  o f  speed and f r e 
quency.

[7. "Etude d ' i m p ac t  s u r  l ' en v i r o n n e m en t  sonore  e t  v i b r a t o i r e  du 
métro de s u r f a c e  de M on tr éa l " ,  J . L .  A l l a r d ,  S . N .C . ,  J . P .  Pa- 
n e t ,  M in i s t è r e  des t r a n s p o r t s ,  M on tr éa l ,  Qué.

En p r é v i s io n  de l ' i m p l a n t a t i o n  du métro de s u r f a c e  qui 
r e l i e r a  Poi n t e- au x- Tre m bl es  au s e c t e u r  o u e s t  de l ' î l e  
de M on tr éa l ,  une é tu de  d ' i m p ac t  sono re e t  v i b r a t o i r e  a 
é t é  mise de l ' a v a n t  a f i n  d ' a n a l y s e r  l e s  r é p e r c u s s i o n s  
d ' u n  t e l  p r o j e t  e t  d ' i d e n t i f i e r  l e s  mesures  de m i t i g a t i o n  
r é a l i s a b l e s  pour  ne pas d é g ra d e r  l a  c o n d i t i o n  sonore 
a c t u e l l e .
L ' é tu d e  d ' a v a n t  p r o j e t  répond aux d i r e c t i v e s  du m i n i s t è r e  
de 1 'Environnement  en ce qui concerne  l ' i m p a c t  sonore

causé  auprè s  des r i v e r a i n s ,  f o u r n i t  su ff isamment  de r e n s e i 
gnements pour  o r i e n t e r  s es  c o nce p te u rs  au p o i n t  de vue de 
l ' a c o u s t i q u e  e t  t r a i t e  de l ' i m p a c t  p r o d u i t  auprè s  des u s a 
ge rs  e t  des employés du métro de s u r f a c e .
Les s u j e t s  é l a b o r é s  comprennent  l e s  nonnes 5 r e s p e c t e r ,  
l e  c l i m a t  sono re a c t u e l  e t  p r o j e t é ,  l ' i n f l u e n c e  de la  con
c e p t i o n  du m a té r i e l  r o u l a n t  s u r  l a  zone d ' i m p a c t ,  l ' é t e n 
due de l a  zone d ' i m p a c t  e t  v i b r a t o i r e ,  le s  mesures  de mi
t i g a t i o n  e t  impacts  r é s i d u e l s .

18. "Impact  v i b r a t o i r e  r e l i é  au choix de l a  t e c h n o lo g ie  de maté
r i e l  r o u l a n t  u t i l i s é  pour  l e  métro s o u t e r r a i n  3 M on tr éal '1,
J . L .  A l l a r d ,  J .  Rennie ,  S . N .C . ,

Etude p r é l i m i n a i r e  v i s a n t  S p r é c i s e r  l ' i m p a c t  v i b r a t o i r e  
engendré  p a r  l ' i m p l a n t a t i o n  d 'u ne  l i g n e  de métro s o u t e r 
r a i n  du type  f e r  s u r  f e r .
Les s u j e t s  t r a i t é s  s o n t :  Choix d 'u n e  norme a c c e p ta b l e  
pour  l e s  r i v e r a i n s  du p r o j e t  ( b r u i t  e t  v i b r a t i o n s ) ,  i n 
f l u e n c e  de l a  c o nce p t i on  du m a té r i e l  r o u l a n t  s u r  l ' é t e n 
due de la  zone d ' i m p a c t ,  p ro pa ga t i on  des v i b r a t i o n s  dans 
l e  sol e t  dans l e s  r é s i d e n c e s ,  importance de l ' i m p a c t  
p r o d u i t  e t  s o l u t i o n s  r e t e n u e s  pour  r e nd re  a c c e p ta b l e  l e  
p r o j e t .
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FISHERIES HYDROACOUSTICS AT THE PACIFIC BIOLOGICAL 

STATION IN NANAIMO B.C.

R. Kieser 
Department of Fisheries and Oceans 

Fisheries Research Branch 

Pacific Biological Station 
Nanaimo, British Columbia V9R 5K6

RESUME

Les méthodes hydroacoustiques constituent un 

outil important pour repérer et évaluer les poissons et 

le plancton. Divers appareils acoustiques puissants 
sont maintenant utilisés couramment par les pêcheurs, 

les gestionnaires et les scientifiques. Leur 
efficacité repose sur plusieurs principes fondamentaux 
qui rendent possible la télédétection de paramètres 

biologiques sous l'eau. Un certain nombre de 

techniques acoustiques sont utilisées régulièrement à 
la Station de biologie du Pacifique située à Nanaimo, 

et on en donne ici une brève description. On utilise, 

à titre d'exemples, un levé par intégration des échos 

de merlus du Pacifique et une expérience qui compare un 

dénombrement visuel et acoustique de saumons.

ABSTRACT

Hydroacoustic methods provide an important 
tool to detect and assess fishes and plankton. A 

variety of powerful acoustic devices are now in general 
use by fishermen, managers and scientists. Their 

success is based on several fundamental principles 

which make underwater remote sensing of biological 

parameters possible. A number of acoustic techniques, 
routinely used at the Pacific Biological Station in 

Nanaimo are briefly described. An echo integration 

survey of Pacific hake and an experiment that compares 
a visual and an acoustic count of salmon are used as 
illustrations.

Hydroacoustic methods play an important role in commercial fishing, 

fisheries management and fisheries research. The three endeavours rely on 

similar methods, but differ in the required accuracy, precision and timeliness 

of the results.

The most common acoustic device in fisheries is the vertically 
oriented sonar (echosounder), Fig 1. The usefulness of the echosounder and other 

hydroacoustic devices in fisheries is based on several phenomena:
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1. Sound waves present the only 

form of energy ttist propsgstes in 

water with reasonable speed and 

relatively small attenuation and 
dispersion.

2. Fishes and plankton usually are 

the major scatterers in the 
water column.

3. Sufficiently reliable relations 

exist between the acoustic 

properties of fishes and some 
biological parameters of 

interest, e.g. fish target 
strength and fish weight or 
length.

4. Availabilty of hardware and 

trained personnel.

It is important to note that alternate or conventional methods 
generally depend on direct visual observations or on some form of catching the 

fish. Visual observations are limited to clear water and short distances. 

Methods that rely on catching the fish are relatively labour intensive, slow and 
sample a small volume of water only. A typical trawl fishing operation is shown 

in Fig 2, it gives an impression of the coordinated and often large effort that 
is required.

PLANKTON

SINGLE
FISH

> SCHOOL

BOTTOM

Figure 1. A vertically oriented 

sonar (echosounder), the most 

common acoustic device in fisheries.

Fig. 2. A typical trawl fishing operation.
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The following activities highlight the acoustic methods that are 

currently used at the Pacific Biological Station (PBS):

- Echo counting: This method determines fish number density from a visual 

count of the echo traces on the echogram, Fig 3. Alternately the resolved single 

fish echoes can be counted from an oscilloscope that is connected to the 

echosounder's receiver output, Fig 4.

Fig. 3. The echogram gives a visual presentation of the echo returns as a 

function of depth and distance travelled. The depth below the transducer and the 

distance travelled are marked on the vertical and horizontal axis respectively. 

The bottom is shown as an irregular dark line. The single fish echo traces 

indicate a light layer of fish at about 30 m depth.

- Echo integration: This method determines fish biomass density from a 

measurement of the mean acoustic backscattering strength.

- Single beam target strength analysis is used to determine fish size.

- Acoustic fence: This device counts the number of fish that migrate up or 

down stream, Fig 5.
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More sophisticated methods have been developed at the University of 

Washington, Seattle, Wa. and elsewhere. These include:

- Acoustic doppler measurements to detect fish movement and tail beat 

frequencies.
- Special beam forming and signal processing schemes to extract fish target 

strength.

- Swimbladder resonance measurements correlate with fish size.
- Multi-frequency measurements to provide an indication of the insonified fish 

species .

Fig. 4. Oscilloscope display of 

the echosounder receiver output. 
'A' are resolved single fish 

echoes, 'B ' are nonresolved 

echoes. The bottom echo 

saturates the receiver.

RIVER
ACOUSTIC BEAM

SUBSTRATE 

NET

Fig. 5. The acoustic fence is deployed 

perpendicular to the shore. It crosses 
the migration path of the salmon, which 

often is near the shore rather than in 

the middle of the stream. The sketch 
shows the acoustic beam. Fish are guided 
through the beam by a net that is 

suspended from a pipe, just below the 
beam.

Generally acoustic methods provide a powerful tool for low resolution 

remote sensing of fishes and plankton. Ranges may be as large as many hundred 

meters for a 10 kHz Sonar which may have a range resolution of the order of one 
meter.

/
Increased resolution can be obtained at higher frequencies but the 

maximum range will be reduced.

Our work at PBS has focussed on improving acoustic estimation 
procedures and on demonstrating their usefulness to fisheries and 

fisheries management. To achieve these objectives we have pursued four major 

goals :

1. Set up a versatile, calibrated fisheries acoustic system.

2. Develop real time data analysis methods to obtain feedback during the 
experiment.

3. Develop hardware and software to record digitized echo returns and to analyse 
them on a central computer.

4. Identify fisheries situations where acoustic methods are appropriate and 
demonstrate their relevance.

At present our major effort is directed towards digital data analysis 
and experiments.
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To illustrate our work I will describe an acoustic survey that was
designed to determine the offshore hake biomass and its distribution and an

experiment that compares acoustic estimates of the number of salmon in a lake 
with a visual weir count.

A TYPICAL OFFSHORE HAKE SURVEY

The successful estimation of a fish stock often depends on a detailed 
knowledge of the fish's life cycle. In many cases there is only a short time 
during which a particular fish stock can be acoustically assessed. At other 

times the fish's proximity to the surface or to the bottom or a mixing of 
species may make an estimate impossible.

Pacific hake occur on the west coast of North America from Santa Cruz, 
California, (36° 50'N) to Vancouver Island, British Columbia, (49° OO'N). Like 

many other species hake are best estimated in their spawning/feeding 

aggregations. These are pelagic and quite characteristic, thus signals are 
readily separated from surface and bottom echoes and can be distinguished from 
plankton, herring, rockfish and other species that may be present in the same 

area at the same time.

Hake is the target species for a large, international joint fishery 

that takes place annually off the west coast of Vancouver Island during July 

through September. (A similar joint fishery takes place off the coast of 
Washington.) Canadian trawlers and Polish and Russian factory vessels catch and 

process in excess of 30,000 tons of hake. Management of this fishery requires an 
estimate of the total resource, such an estimate can be obtained by echo 
integration.

The echo integration system was installed onboard the Canadian 
Research Vessel G.B. Reed. Its major components are shown in Fig 6. A single 
transducer is used to transmit a short pulse and to receive the echoes. It is 
mounted in a torpedo shaped towed body which is towed by an armoured cable that 

also provides the connection to the echo sounder. The echo sounder output is 

displayed on a chartrecorder and an oscilloscope and is recorded on analog tape 
as a backup. The same signal is also connected to the echo integrator which 

measures the average echo power for a specified number of depth slices. This 

measurement is proportional to the average volume backscattering strength. A 

printed output is available, it can be scaled to present fish biomass. These 
data are stored on 1/2 in. digital magnetic tape and are processed by the 

onboard computer to yield estimates of fish surface density and total biomass in 

the survey area.

The system is characterized by the following parameters: Frequency 38 
kHz, pulse length .6 ms, pulse repetition 2 Hz and transducer full beamwidth 
between half-power points 10 degrees. The receiver has a 'time-varied gain' that 

compensates for the spreading and absorption losses that the acoustic pulse 
experiences in the water.

During late August and early September 1983 we have surveyed the shelf 
area off Vancouver Island that extends from the 48-th to the 49-th parallel and 

out to the 300 m depth contour. The survey encompassed ~8500 km^ and was 

covered by a rectangular transect grid of ~1800 km length. The average spacing 
between the parallel transects was 4.7 km. The nominal survey speed was 17 

km/hr.
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Fig. 6. The echo integration system. The transducer is mounted in a torpedo 
shaped body and towed from the stern of the vessel. The echogram, the 
oscilloscope and the printed output from the echo integrator provide immediate 

feedback on systems performance and fish densities. The computer is used to 
produce fish surface densities and biomass estimated.

The echo integrator 

output was processed to yield 

an estimate of the average 

fish surface density (kg/m2) 

every six minutes. This was 

plotted on a daily basis as a 
bar graph along the transects,
Fig 7. A map of the biomass 
distribution in the area 

results when the transects and 

densities are plotted on a 

hydrographic chart, Fig 8.

The total fish biomass 

for all species in the survey 

area was estimated as 280,000 
tons. The species composition has 

been obtained from a careful 

visual interpretation of the 
echograms and from the net 

catches that were made by a 
second vessel. Based on this 

additional information the total 

hake biomass was estimated as 

140,000 tons.
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Fig. 7. A plot of surface density versus 

distance gives an impression of the fish 

distribution along the transect.
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Fig. 8. The biomass distribution is shown by plotting the surface densities 
along the transects on a hydrographic chart. The scale used for the bars is 
shown above the compass rose, those that exceed .2 kg/m2 are broken. Solid bars 

indicate hake, all other fishes are represented by open bars.

The accuracy of these estimates has been inferred from detailed 
considerations of the measurement process. An accuracy of 20% is expected for 
the measurement of the total acoustic backscattering strength from the 

insonified volume. Major sources of uncertainty occur when the measured 

backscattering strength is converted to a biomass estimate. Typical sources are: 

extrapolation from the insonified volume to the total volume of interest, fish 

target strength and species identification. The absolute acoustic biomass 
estimates may be accurate to within a factor of two, for this reason the better 

relative estimates are used whenever possible. It is important to note that 
comparable nonacoustic estimates have equal or larger errors.

The above estimates are valuable for the manager and biologist, and 
are used to manage the hake stock, to maximize the catch and to protect the fish 
stock from overfishing.

COMPARISON OF HYDROACOUSTIC ESTIMATES OF SALMON WITH A WEIR COUNT

Fisheries hydroacoustic methods are frequently employed but seldom 

verified. We have conducted an experiment that compares various acoustic
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estimates with each other and with an independent weir count, thus providing a 

direct indication of the accuracy of hydroacoustic estimation methods. The 
experiment was conducted in Long Lake near Smith Inlet B.C. A sockeye salmon run 

ascends the Docee River and reaches Long Lake during July. For many years a weir 
has been operated across the river to obtain a visual count of the total number 
of salmon that migrate into the lake. The salmon remain in the lake before they 

migrate into the tributaries where they spawn in the gravel beds. There is a 

period of several weeks when essentially all fish have been counted across the 
weir, yet none have appeared in the rivers that feed the lake. At this time the 

entire stock is in the lake. At night the fish are distributed in the water 
column ~nd can be assessed acoustically. The acoustic gear was installed on a 
small skiff and eight surveys were carried out on four consecutive nights (July 
31 - Aug 4, 1982).

Our comparative study has used the following methods to estimate the 

total fish population in the lake:

1. We’r count:

The fence was operated by fisheries management personnel who visually 
counted the number of salmon that migrated upstream into the lake.

2. Echo trace counting:

The single fish echo traces were counted from the echograms that were 
recorded during the surveys. A simple model was developed to estimate the number 

of fish per cubic meter from the trace count. An estimate of the total number of 
fish in the lake was derived.

3. Echo pulse counting:
The echo traces that were analysed above often include many successive 

echo returns. A pulse count is easily obtained from the digitized echo returns 
and can be converted to a fish number density. It yields a second estimate of 

the total number of fish in the lake.

4. Echo integration:

The same echo returns were used to measure the average volume 

backscattering strength for the depth interval of interest. This measurement 

provides an estimate of the fish biomass per cubic meter, which was extrapolated 
to obtain the total fish biomass in the lake. A fish target strength of -32 
dB/kg was used for the analysis. The measured average fish weight of 2.9 kg was 

used to calculate the total number of fish in the lake.

The total number of salmon that was estimated by each of the four 

independent methods is given in the following table. The last row gives 

estimated accuracies for the population estimates that are based on detailed 

considerations of the measurement process.

V isual 

Weir count

Acoustic 

Trace count Pulse count Integration

201ogR

200 120 121 197 103 # of fish

571 103 kg of fish
±10% ±20% ±20% ±50% Est accuracy
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Considering the expected accuracy of the various methods we have to 

conclude that the acoustic estimates agree with each other. There, however, is a 

discrepancy between the acoustic counting data and the visual fence count. Two 
possible reasons for the difference are: The fish might have avoided the noisy 

survey vessel or their distribution in the lake might have been less homogeneous 

than assumed. The data are insufficient to resolve the problem.

The different types of analyses presented above are frequently used by

themselves but seldom on the same data set.1 A major point of this experiment

was the comparison of the various methods with each other and with the 

independent estimate that was obtained from the weir count.

Recent developments in instrumentation and data processing have 
transformed fisheries acoustics into a field with new possibilities. Acoustic 

methods have reached a stage where they can compete with and supplement 
conventional fisheries sampling methods. Exciting new methods are now within 

reach of fisheries research which will lead to a better understanding of the 

fundamental acoustic processes and of fisheries biology itself.
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FIRMS FINDING APPLICATIONS FOR ACOUSTIC SURFACE WAVES*

By:

David Helwig

Surface acoustic wave devices that process electronic signals by turning them 

into sound are beginning to find their way into Canadian-built communications 

equipment. "It's a technology that's been around for a while, but its many potential 
applications are just beginning to be utilized in Canada," said Ezio Berolo, a project 

leader at the federal Government's Communications Research Centre in Ottawa. The 

centre has been designing the micro-electronic devices since 1975. "Back then, we had 

to catch up to the United States, the United Kingdom, and Japan. Now we are making 

significant contributions ourselves."

Surface acoustic wave technology involves converting electromagnetic waves to 

Rayleigh waves —  physical vibrations that ripple along the surface of an object. In 
effect, the speed of the waves is reduced from the speed of light to about 3,100 

metres a second. "You can do things to the signal when it's slowed down that you 

couldn't possibly do when it's travelling at the speed of light. For example, you can 
perform complex mathematical functions, such as Fourier transformations," said 

Val O'Donovan, president of Com Dev Ltd. of Cambridge, Ont.

Mr. O'Donovan's company, which makes communications equipment used in commercial 

satellites, has been working with surface acoustic wave devices for three years, in 

conjunction witht the federal Department of Communications and the National Research 
Council. The world market for the devices is about $10-million a year, but is 
expected to grow to $l-billion by 1990, Mr. O'Donovan said. Com Dev has spent 

$2-million on research in the area, and is making a capital investment of $500,000 

this year for equipment to make the devices. The company hopes the technology will 

enable it to broaden its product line to include two new fields: signal processing 

and radar systems.

Com Dev is developing equipment to process photographs transmitted by satellites, 

Mr. O'Donovan said. He hopes the application of surface acoustic wave devices will 
permit processing speeds to be increased by a factor of 10 over available equipment. 

The resulting pictures lack the quality obtainable from current equipment, but would 

be useful for screening large numbers of photographs, he said. Com Dev has received 

$300,000 in grants from the Department of National Defence to use the technology to 
develop radar systems with greater range of accuracy without increasing power 

requirements.

Bell-Northern Research Ltd., a unit of Bell Canada Enterprises Inc. of Montreal, 

has also received a defence grant to apply surface acoustic wave devices to processing 

of radar signals.

*Reprinted with permission of original article in Toronto Globe and Mail, 

30 March 1984.
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RMS Industrial Controls Inc. of Port Coquitlam, B.C., a company involved in 
ultra-high frequency communications and microcomputer control systems, recently 
introduced its first radio transceiver module containing the technology. Peter 
Boorman, the company's vice-president, said a surface acoustic wave device was used to 
replace the transceivers' voltage control oscillator to reduce microphonics —  
electronic noise caused by vibration. The technology also allows the radio to operate 
on 160 channels, and Mr. Boorman said RMS hopes to produce a radio that can be used on 
2,000 channels. In addition, the company is looking at the possibility of mounting a 
surface acoustic wave device along with other components on thin film to produce a 
hand-held radio transceiver.

The largest application of the technology to date has been in frequency filters 
for television receivers. Colin Campbell, a professor of electrical and computer 
engineering at McMaster University in Hamilton, Ont., said about 12 million surface 
acoustic wave devices are used each year by television manufacturers in North America 
and Europe. "Virtually every domestic television receiver made in Japan now uses 
these devices," said Mr. Campbell, who has assisted both Com Dev and RMS in applying 
the technology. He is using it himself to develop a new resonator for television and 
precision radar applications. Surface acoustic wave technology enables the active 
part of some electronic filtering circuits to be reduced in size 100,000 times, he 
said. The circuits do not require hand tuning.

Velimir Ristic, a professor of electrical engineering at the University of 
Toronto, is using the devices in conjunction with integrated optics technology for 
potential applications in satellite communications and navigational systems in 
aircraft.

At McGill University in Montreal, Professor Eric Adler is seeking to develop a 
more complex surface acoustic wave device that can be mounted as part of an integrated 
circuit. Mr. Adler is trying to develop a device using Lamb waves —  sound waves that 
vibrate on a thin membrane instead of a thick surface. In addition, he is studying 
the possibility of using a surface acoustic wave device to deflect optical waves. 
Another McGill scientist, electrical engineering dean Gerald Farnell, is using 
acoustic waves to study the microscopic features of matter. The acoustic microscope, 
which is being developed in a joint effort by McGill, the National Research Council 
and the University of Sherbrooke, uses high-frequency ultrasound to produce images 
similar in quality to those produced by optical microscopes. Because it uses acoustic 
rather than light waves, the microscope can reveal details of an object's interior, a 
feature that could be used to detect faults in micro-electronic circuits.
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THE TRANSMISSION OF SOUND THROUGH WALLS, WINDOWS, AND PANELS: 
A ONE DIMENSIONAL TEACHING MODEL

By:

R.W. Guy
Centre for Building Studies, Concordia University 

Montreal, Quebec, Canada H3G 1M8

ABSTRACT

A One dimensional mathematical teaching model which incorporates many of the 

sound transmission characteristics found in real panels, has been developed.

The model enables the ready formulation of panel velocities and sound pressure 

level ratios for simple and multiple panel systems. The analysis is ideally suited 

for micro computer application.

SOMMAIRE

Un modèle mathématique à une dimension, incorporant plusieurs caractéristiques de 

transmission sonore propres â des panneaux réels a été développé pour des applications 

pédagogiques.

Le modèle permet de calculer les vélocités et le niveau de pression sonore pour

des systèmes de panneaux simples et multiples, 

applications sur micro-ordinateur.

L'analyse s'adapte parfaitement à des
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The t e a c h i n g  of  sound t r a n s m i s s i o n  through windows, w a l l s ,  and pa ne ls  i s  t y p 
i c a l l y  achieved by p r e s e n t i n g  a s e r i e s  of s imple  models each of  which a t t emp ts  to 
d e s c r i b e  a t r e n d  or  phenomenon observed in p r a c t i c e .

Such models l e a d ,  f o r  example to  a q u a l i t a t i v e  u n d er s t a nd in g  of  t h e  ' S t i f f n e s s  
Cont ro led  R eg i on ' ,  t h e  'Damping Cont roled  Re g i o n ' ,  t h e  'Mass Cont roled Region1, t he  
'Coinc idence  Region,  as a pp l i e d  t o  s i n g l e  l e a f  s ys tems ,  and t h e  'Mass Spring Mass 
Resonance'  encountered  in double  l e a f  systems

The models g e n e r a l l y  i nvolve  i n f i n i t e  pane l s  and c o ns i d e r  the  i n f l u e n c e  of  
i nc i de nc e  angle  upon v a r i o u s  r e s o na n t  f r e q u e n c i e s ,  w h i l s t  in p r a c t i c e  t he  most  
prominent  r esonance  - 'Mass S p r i n g ' ,  ' C o i n c i d e n c e ' ,  and 'Mass Spring Mass ' ,  have 
been found independent  of  ang l e ;  meanwhile t h e  models do not  r e a d i l y  c o n s i d e r  t h e  
i n f l u e n c e  of 'Room E f f e c t s ' ,  ' M ul t i p l e  P a n e l s ' ,  ' M u l t i p l e  Resonance ' ,  ' Absorbent  
l a y e r s ' ,  s i n c e  t h e i r  i n c l u s i o n  i s  u s u a l l y  accompanied by compl ica ted  a n a l y s i s  and 
i n t e r p r e t a t i o n ,  however each of  t h e s e  f a c t o r s  may d r a s t i c a l l y  change t h e  m a n i f e s t a t 
ion of  a ' R e g i o n ' ,  or  'Resonance C o n d i t i o n s ' .  In consequence a need e x i s t s  t o  
expand t he  ' r e p e r t o i r e '  of  model types  w h i l s t  avoiding t he  c o m p l e x i t i e s  of  model 
f o rm u la t io n  and a n a l y t i c a l  i n t r a c t a b i l i t y .

In an a t t empt  t o  s a t i s f y  t h e s e  r e qu i re me n ts  an a n a l y t i c a l  s t r u c t u r e  and p r o c e d 
ure based upon t h e  work of Nest rov [1]  i s  developed which t h e  s t u d e n t  may employ t o  
g e n e r a t e  f o r m u l a t i o n s  in a s imple  manner,  f o r  models r a ng i ng  from t h e  most r u d i m e n t 
ary t o  compl ica ted  m u l t i - f a c e t e d  systems;  t he  a n a l y t i c a l  procedure  developed i s  
capab l e  of  implementat ion on micro computer sys tems and a pp l i ed  in t h i s  way wi l l  
a s s i s t  in r e l i e v i n g  problems a s s o c i a t e d  wi th a n a l y t i c a l  i n t r a c t a b i l i t y .

The p r e s e n t  a n a l y s i s  i s  g e n e r a l l y  conf i ned  t o  one dimensional  c o n s i d e r a t i o n s  
p a r t i c u l a r l y  wi th r e s p e c t  t o  i n c i d e n t  a i r  born waves,  t h u s  co mp le xi t y  of  a n a l y s i s  i s  
eased,  however the  concept  and i n f l u e n c e  of  two dimensional  panel v i b r a t i o n  i s  
in t r oduc ed  f o r  i l l u s t r a t i v e  purposes .

1. INTRODUCTION

2. BASIC TERMS AND EXPRESSIONS

2,1 THE WAVE EQUATION

The one dimens ional  form of  t h e  a c o u s t i c  wave e q u a t i o n  may be w r i t t e n  a s ,  [ 2 ] :

1 d2̂
(1)

dx7 c02 d F

where
co

i s  t h e  v e l o c i t y  p o t e n t i a l

i s  t h e  v e l o c i t y  of  sound in t h e  medium 
a s p a t i a l  c o o r d i n a t e
t ime

x
t

Conf ining a t t e n t i o n  t o  t h e  s t e a d y  s t a t e  harmonic form,  t h a t  i s
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where “  i s  t he  angula r  f o r c i ng  f requency.
Equat ion (1) may now be r e w r i t t e n  a s : -

d V d x 2 + k2^ = 0  (2)

where k i s  t he  wave number (k = w/ c 0 ) .

The wave equa t i on  i s  here  exp re ssed  in terms of  t h e  v e l o c i t y  p o t e n t i a l  ‘ 'I'1 t o  
f a c i l i t a t e  t he  d e r i v a t i o n  of  ex p re s s io n s  f o r  p r e s s u r e  and p a r t i c l e  v e l o c i t y  v i a  t he  
r e l a t i o n s h i p s : -

V = d’I'/dx (3)

where V i s  t he  a c o u s t i c  p a r t i c l e  v e l o c i t y  

and P = - P d'P/dt

which,  f o r  t h e  s t e ad y  s t a t e  harmonic case  y i e l d s : -

P = -  j  p4  (4)

where P i s  t h e  exces s  o r  a c o u s t i c  p r e s s u r e
p i s  t h e  d e n s i t y  of  t he  propoqat i ng  medium

Non t r i v i a l  s o l u t i o n s  of  t he  wave equa t i on  may be expressed in severa l  ways; one 
common form of  s o l u t i o n  t o  equa t i on  (2) b e i n g : -

t  ,  A ej ( “t  - kx)+ Bej ( » t  + kx) (5)

where A and B are  t he  wave ampl i tudes  of  two d i s t i n c t  plane waves t r a v e l l i n g  in 
op p o s i t e  d i r e c t i o n .  t he  wave ampl i tudes  a re  determined by having equa t i on  (5) 
s a t i s f y  t he  p r ev a l e n t  boundary c o n d i t i o n s .

An a l t e r n a t i v e  form of  s o l u t i o n  t o  equa t i on  (2) may be w r i t t e n  a s : -

ÿ = [A cos (kx)  + jB s i n ( k x ) ] e  ^  (6)

where A and B a r e  a l so  determined from t h e  a p p l i ed  boundary c o n d i t i o n s .

The common t ime dependence ejUt  w i l l  subsequen t l y  be ommitted f o r  b r e v i t y .

2 .2  IMPEDANCE

S p e c i f i c  Acous t i c  Impedance Z

Z i s  de f i n ed  as t h e  r a t i o  of  exces s  p r e s s u r e  ' P 1 a t  a po in t  t o  t h e  a c ou s t i c  p a r t i c l e  
v e l o c i t y  'V' a t  t h a t  p o i n t ,

t hu s  Z( x ) = P(x) /V(x)  (7)
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For example, in the case of a po s i t iv e  going plane wave as descr ibed by the 
f i r s t  term on the r i g h t  hand s ide of equat ion (5) one can,  by u t i l i s i n g  the  
r e l a t i o n s h i p s  shown in equat ions  (3) and (4) ,  show th a t

Z(+) = Pco (8)

where the  index (+) in d ic a t e s  a p o s i t i v e  t r a v e l l i n g  wave.

S im i l a r l y ,  fo r  the  negat ive  t r a v e l l i n g  wave descr ibed by the  second term on the 
r i g h t  hand s ide of equat ion (5) ,

Z(_) = - Pc0 (9)

where th e  index ' (-)  ' i n d i c a t e s  a negat ive  t r a v e l l i n g  wave 

Normalised Impedance Z'

V  i s  def ined as the  r a t i o  of the s p e c i f i c  impedance to  t h a t  of a s tandard  
impedance.

A common ' s t andard  impedance'  i s  t he  ' c h a r a c t e r i s t i c  impedance'  of a i r  ' Pc0 ' . 

Mechanical Impedance Zm

Zm i s  def ined here as th e  r a t i o  of  the  v ib r a to r y  fo rce  ' F ' per  u n i t  area ac t ing  on a 
sur face  to  the  v ib r a to r y  v e l o c i t y  'V' of the  sur face  caused by t h a t  force

thus .  Zm = F/V (10)

In the case of a panel caused to  v ib r a t e  by acous t i c  p res sures  act ing on e i t h e r  s ide 
of  i t ,  one may w r i t e : -

Zp  = (PL - PR)/VP (11)

where Zp i s  tha panel impedance
P|_ i s  the p res su re  ac t ing  on the  l e f t  s ide  of the  panel
Pr i s  the  p res su re  act ing on the  r i g h t  s ide  of the  panel
Vp i s  the  panel v e l o c i t y

3. BASIC MODEL AND ANALYSIS

t hThe basic  model c o n s i s t s  of the  i and (i+1) v i b r a t i n g  panel separat ed from 
each o the r  by a d i s t a nc e  d-j and forming pa r t  of  ' n ' v i b r a t i n g  panel s  in s e r i e s  as 
shown i n Fi gure (1).
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Z,

"PR,

Panel  1 i ) 

Z Pi

Vp.

Panel ( i 1 1 )

Z p , * ,

V p , . ,

x = 0 x = d i

Figure 1 ~ Model describing parameters fo r  the interspace 

betw een vibrating panels

With r e s p e c t  t o  Figure  (1) t h e  i n d i c e s  1 i 1 and 1 i + 1 1 denote  'wi th r e s p e c t  t o  given 
p a n e l 1, and f o r  each panel

P|_ i s  t h e  a c o u s t i c  p r e s s u r e  developed on t h e  l e f t  

P r  i s  t h e  a c o u s t i c  p r e s s u r e  developed on t h e  r i g h t  

Z|_ i s  t h e  t o t a l  impedance of  t h e  system t o  t h e  r i g h t  o f  
and i n c l u d i n g  t h e  given panel  

Zr i s  t h e  t o t a l  impedance of  t h e  system t o  t h e  r i g h t  of 

t h e  given panel 
Zp i s  t h e  p a n e l ' s  mechanical  impedance

VP i s  t h e  p a n e l ' s  v e l o c i t y  
and Ÿ i s  t h e  v e l o c i t y  p o t e n t i a l  between p a n e l s

3 . 1  THE ANALYSIS

Cons ider  in t h e  f i r s t  i n s t a n c e  t h e  f o r c e s  a c t i n g  on t h e  i+1 panel .
R e c a l l i n g  e qu a t i o n  (11) and r e w r i t i n g

Vp1+1 = <Pl 1+1 - PR1+1) / Z p 1+1 (12)

Re c a l l i ng  a l s o  e qu a t i o n  (7) and c o n s i d e r i n g  t h e  r i g h t  hand s u r f a c e  of  t h e  i+1 
panel  : -

Pr 1+1 = Vp,+1 . ZRl+1 (13)

S u b s t i t u t i n g  e q u a t i o ns  (13) i n t o  e qua t i on  (12) y i e l d s  

p L i + l  = VPi+1 • ( Z p .+1 +  ZR . + 1 )

o r ,  again n o t ing  e qua t i on  (7)

Zi . . = Z p .  , + Zr . 1 (14)
h + l  pi + l  kt+1 v ;
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Si nce  no assumption has been made concern ing  the  nature  o f  Zr ..+  ̂ one may g e n e r a l i z e  

the  r e s u l t  shown in e quat ion  (14) by w r i t i n g

Z|_i = z Pj + z R-j ; i  = l , 2 , 3  . .  .n (15)

Consider  now the  v e l o c i t y  p o t e n t i a l  deve loped between t he  i^h and ( i+1)  pa ne l s .  

R e c a l l i n g  equat ion ( 6 ) ,  one may w r i t e  t he  v e l o c i t y  p o t e n t i a l  as

= A-jCOs(kx) + j B - j S i n ( k x )  f or  O ^ x ^ d i  (16)

Not ing the r e l a t i o n s h i p  between v e l o c i t y  p o t e n t i a l  and p a r t i c l e  v e l o c i t y  shown in 
equat ion ( 3 ) ,  one may form t he  boundary c o n d i t i o n s : -

( dl )  = Vp and (4*)  =Vp (17)
dx x=0 1 dx x=d, + 1

Applying t h e  boundary c o n d i t i o n s  o f  e qu a t i on s  (17) t o  e quat ion  (16) y i e l d s

tP = Vp. a c o s ( k [ d i - x ] )  _ Vp_ . cos (kx)  (18)

i k s i  n ( kdn- ) k s i  n(kd-j )

Applying t he  r e l a t i o n s h i p  o f  equat ion (4) t o  equat ion  ( 1 8 ) ,  one may form an e x p r e s s 
ion f or  the  pr e s sure  at any po i nt  'x ‘ between t he  pane l s  a s : -

c o s ( k [ d - j - x l )  c o s ( k x )  .
p i ( x )  - - Vp, • j o c o  • ------+ VPi+ l '  JPC° ■  — 7~r, (19)

s i n ( kd - j  ) s m ( k d - j  )

or,  s e t t i n g  x = d-j in equat ion (19)

Pi ( x=di )  = PLi+1 = VPj • ZBj -  Vpj + 1 - ZA, (20)

where ZA, = -j pc0 c o t ( k d i )  and Zg. = -j Pc0 cosec(kd- j )

Now, Vpi+1 = PLi+1 /  ZLi+1 (21)

thus  r e p l a c i n g  Vp^+  ̂ in e quat ion  (20) by e quat i on  (21) one f i n d s

PLi+1 = Vp, • ZBl • ZLl+1 / ( Z Al + ZLj +1) (22)

or r e p l a c i n g  PLi +  ̂ from e quat ion  (22) i n t o  e quat ion  (21)

Vp1+1 = ZBl • V p ,  / ( Z A, + ZL i + 1 ) (23)

s e t t i n g  x = 0 in  e quat i on  (19)

P, (x=0) = PR, = ZA, • Vp, -  ZB, . Vpi+1 (24)

45



Replacing Vp. , from equat ion (23) in equat ion (24) y ie ld s  
"Î ■ 1

Pr, = vPi Lza, - z | f /(ZAj + zLl+1)] ( 2 5 )

and f i n a l l y ,  forming the  impedance Zr  ̂ , and r ea r ra ng ing ,  thus

ZR-j = PRi/VPi = ZAi “ Z l i / (Z Ai+ ZLi+1) (26a)

where Z/^ and Zg.. are defined a f t e r  equat ion (20).

Equation (26a) expresses  the  impedance r e l a t i o n s h i p  in a form s u i t a b l e  for  de r iv ing  
the r e c u r r in g  f r a c t i o n  one may develop to  express  the  impedance of  a multi l ayered 
system, Nestrov [1] .

By re  ar ranging t r igonomet r ic  terms and u t i l i s i n g  normalised impedance one may 
express  equat ion (26a) a s : -

where V  r e p r e se n t s  the  normalised impedance Z / p c 0

Equation (26b) may be recognised as a gene ra l i sed  input  impedance, s imi la r  to  the  
case of a pipe t erminated by an impedance Z[_, Kins ler  and Frey [2, Chapter 8 .7 ] ;  
a l so  t h i s  mathematical  form e l imina tes  ' removable s i n g u l a r i t i e s '  and thus is  b e t t e r  
su i t ed  f o r  computat ional  purposes.

In sunmary, the  input  impedance to  the  l e f t  of any panel su r face  may be expressed 
v ia  equat ion (15) as the  sum of the  mechanical ' i n  vacuo1 impedance of the  panel and 
the  p re v a i l i n g  impedance to  the  r i g h t  of the  panel su r fa ce ;  in add i t io n ,  the  imped
ance to the  r i g h t  of the panel sur face  may be expressed v ia  equat ions  (26) in terms 
of the  input  impedance to  the  next  panel on the  r i g h t  and the  c h a r a c t e r i s t i c s  d e f i n 
ing t h e i r  s ep a ra t ion ,  namely the d is t ance  between panels and the c h a r a c t e r i s t i c  
impedance o f  the  sepa ra t ing  medium.

Thus, by p rogress ing  panel index 1i ‘ and by success ive  c ross  s u b s t i t u t i o n  fo r  Z r . 

or Z|_.j+  ̂ between equat ions  (15) and (26) ,  one may develop comprehensive formula t ions
fo r  the  impedance on e i t h e r  s ide  of any panel wi th in  the  v ib ra t i n g  system.
In may ins t an ces  i t  wil l  be found expedient  to develop ove ra l l  equat ions  in r ever se  
o rde r ,  t h a t  i s  s e t  t he  panel index to  i = n and determine ZRn from equat ion (26); 
s u b s t i t u t e  ZRn in to  equat ion (15) and determine Z[_n ; repeat  the  procedure success 
ive ly  f o r  i = n - l ,  n-2,  e t c .  u n t i l  t he  whole system has been analysed.  Natura l ly  t h i s  
procedure r e qu i r e s  a knowledge of,  or assumption concerning the te rminat ion imped
ance Z|_ to  begin and success ive  panel impedance terms ZPl- to  cont inue .

zRi = (ZLi+1 *c os ( k * d i ) + j s in (k * d i ) ) / ( c o s (k * d i ) + jZ L.+1*s in (k ’ d i ) ) (26b)
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3.2 CAVITY TERMINATION IMPEDANCE - Z. ,
________________________________Ln+1

The c a v i t y 's  te rm ina t ion  impedance 1 ^ ' w i l l  be found in  p rac t ice  to  l i e  between 

condit ions given by surface n+1 being non e x is ta n t ,  and, being a c o u s t ica l ly  hard.

a) Surface n+1 does not ex is t  (completely t ra n s m it t in g )

Under th is  cond i t ion ,  zLn+;[ = Pc0 which upon s u b s t i tu t io n  in to  equation (26a) 

y ie ld s

Z r „  *  » c 0 t 2 7 )

b) Surface n+1, a c o u s t ic a l ly  hard (completely r e f l e c t in g )

Since Vn+i  = 0, zLn+i  = 00 hence by s u b s t i tu t io n  in to  equation (26a)

zRn = zAn = “ J Pco cot (kdn) (28)

c) Surface n+1, r e f l e c t in g  and absorbing or t ra n sm it t in g

In general,  Z[_n+1 -  Rn+i  + j  Xn+i  (29)

where Rn+ i is  a r e s is t i v e  component

and Xn+i  is  a reac t ive  component

For example, consider the case of an absorbent mater ia l  l i n i n g  an a c o u s t ic a l ly  hard 
backing wal l .  The input impedance at the surface o f the absorbent mater ia l  may be 
w r i t te n  in a manner s im i la r  to equation (28), except th a t  the c h a ra c te r is t i c  
impedance and wave number of the propogation medium w i l l  now be complex, Beranek [3, 
Chapter 10 .4 .4 ] ,  th a t  i s ,

zLn+ i = ~ Jzo *co t (k0* t ‘ ) (30)

where

Z0 = R0 +jX0 (A complex c h a ra c te r is t ic  impedance) (31)

k0 = ^ - J a (A complex wave number)

and t 1 is  the th ickness o f  the absorbent mater ia l  (meters)
Equation (30) may now be re w r i t te n  in hyperbo l ic  form as:-

zLn+l  = (Ro +J'xo) ’ coth ( [ “  +J 3 1  ) (32)

or by expanding the hyperbolic  func t ion  with  complex argiment in to  i t s  real and 
imaginary parts [ 4 ] ,  th a t  is

zLn+i  = (Ro +J’xo) [s i  n h (2 « t ' ) - j s i  n(23t '  ) ] / [ c o s h (2 “ t ‘ ) -cos(23t '  ) ]  (33)
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Equat ion (33) may now be expressed  in i t s  r ea l  and imaginary  p a r t s  a s : -

^Ln+1 = Rn+1 +J^n+1 (34)

where Rn+ i  = [R0 * s inh(2<* t ' ) +X0 * si  n ( 2 3 t 1) ] / [ c o s h ( 2 “ t ‘ ) - c o s ( 2 3 t ' ) ]  

and Xn+i  = [X0 * s i n h ( 2 » t l ) -R0 * s i n ( 2 3 t '  ) ] / [ c o s h ( 2 “ t '  ) - cos (2&t '  ) ]

Z(_n + i m a y  now be substituted directly into equation (26b) to determine Z^n .

Most cases  of  p r a c t i c a l  i n t e r e s t  wi th  r e s p e c t  t o  abs o r ben t s  may be developed in a 
s i m i l a r  f a s h i o n .

3.3 PANEL IMPEDANCE

The p a n e l ' s  mechanical  impedance 'Zp'  may be p r e s e n te d  in  a nunber o f  ways depending 

upon t h e  c h a r a c t e r i s t i c  behav iour  being demons t ra t ed

i) Massive Wall

In th e  event  t h a t  t h e  wall  mass c o n t r o l ' s  t h e  t r a n s m i s s i o n  of  sound over  t h e  
f r eq uen cy  range of  i n t e r e s t : -

Zp = j “> M (35)

where M i s  t h e  panel  mass per  u n i t  a r ea

The impedance te rm o f  eq ua t i o n  (35) w i l l  l ead  t o  an a p p r e c i a t i o n  o f  th e  t r a n s m i s s i o n  
lo s s  c h a r a c t e r i s t i c  r e f e r e d  to  as th e  "Mass Law".

i i ) Mass Control  p lus  Coincidence E f fe c t

The co i nc id en c e  e f f e c t ,  f i r s t  d es c r ib e d  by Cremer [5]  and based upon a matching 
o f  a i r b o r n  and panel  t r a v e l l i n g  waves,  l e ad s  to  an impedance ex p res s io n  which 
may be w r i t t e n  a f t e r  Beranek [6,  Chapter  1 3 . 7 ] ,  a s : -

2
Zp = j'-' M.cos(9)  [1 - - ■ s i n  ( e ) ]  (36)

c 0 M

where: i s  t h e  angle of  in c id en ce
B‘ i s  t h e  complex p l a t e  bending s t i f f n e s s  B( l+ jn )
B i s  t h e  p l a t e  bending s t i f f n e s s  (Eh / I 2)

i s  t h e  i n t e r n a l  damping f a c t o r  o f  t h e  panel  m a t e r i a l  
as given from a complex Youngs modulus 

E i s  Youngs Modulus of  t h e  panel  m a t e r i a l  
and,  h i s  t h e  panel t h i c k n e s s

i i i ) Modified Coincidence Concept

I t  has been shown by Bha t t ac ha r ya  e t  al [ 7 ] ,  t h a t  co i nc i den ce  in a ' r e a l '  panel 
in t h e  p res en ce  o f  a backing room i s  caused by a compli ca t ed  matching of  panel  
and room s t and ing  waves in th e  p resence  of  s t rong  coup l ing  f a c t o r ' s ,  in con
sequence i t  i s  not  angle  of  in c id en ce  dependent  and i t  can occur a t  normal
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inc idence ( e = 0) e x c i t a t i o n :  i t  does however occur at  the  fundamental frequency 
p red ic t ed  by equat ion (36),  t hus ,  fo r  r e p r e s e n t a t i v e  purposes only,  one may re  
w r i t e  the  mass impedance term of equat ion (36) as:

Z = j  wm[l - (w/u)C) 2 (1+jn)]  (37)

2
where wc = c0 ^M/B and i s  the  fundamental coincidence  frequency

iv) Sprung Wall

In an at tempt to  b e t t e r  r ep resen t  the  c h a r a c t e r i s t i c s  of a v i b r a t i n g  panel 
Foxwell and Frankl in  [8] employed a mechanical mass, spr ing,  and damper model, 
f o r  which:-

Zp = C + j  (ID M - K/W) or Zp = C + j  (DM [ l - ( tup/aj)2] (38)

where C is  the  panel damping constant
K i s  the  p a n e l ' s  spr ing s t i f f n e s s  con s tan t

and = v' k/M, t he  p a n e l ' s  in vacuo mass spr ing resonance .

The impedance term of  equat ion (38) wi l l  lead to  an ap prec ia t ion  of t ransmiss ion  
loss  c h a r a c t e r i s t i c s  r e fe re d  to  as ' S t i f f n e s s  C on t r o l1, Damping C o n t ro l ' ,  and 'Mass 
Co n t ro l ' .

v ) Mult iple  Panel Resonance

Mul t ip l e  'Mass-Spring'  resonance wil l  be encountered in ' r e a l '  panels  and t h e i r  
frequency wil l  depend upon the panel c h a r a c t e r i s t i c s  such as s i ze  and boundary 
cond i t io ns .  In general  each resonance or ' e i g e n ' frequency wil l  have an a ssoc ia t ed  
impedance term and th e  sum of such terms wi l l  be s im i l a r  to  the  ad d i t ion  of  r e s i s t 
ance in p a r a l l e l ;  the  impedance wil l  also depend upon the s p a t i a l  nature  of the 
fo rc ing  func t ion  and upon the  locat ion  considered on the  panel su r face  which i s  
gene r a l l y  evidenced by the panel ve lo c i t y  being coordina te  dependent ,  thus for  
i l l u s t r a t i v e  purposes i t  is  necessary  to  cons ide r  an average impedance based upon 
su r face  averaged panel v e l o c i t i e s  and fo rc es .  The su r face  average impedance for  the  
case of a simply supported panel subjec ted to  normal inc idence  e x c i t a t i o n  may be 
w r i t t en  from re fe re nc e  [9,  Appendix I ] ,  a s : -

1/Zp -  4 . ( 2 / n ) ‘t Ï  ”  l / ( q r ) 2 Zqr (39)
q=l r=l

where Zqr  = j  [l-(Wqr /u>)2] and i s  the  qr th  'modal '  impedance

“qr  = n2 (3' /M)2 [ ( q / b ) 2 + ( r / c ) 2 ] and i s  the  qr^h panel
' e igen '  f r equency 
b i s  the  panel length 
c i s  t he  panel breadth 
q i s  a modal in t e g e r ,  q = 1 ,3 ,5  e t c .  
r  i s  a modal i n t e g e r ,  r  = 1 ,3 ,5  e t c .  
n 3.142 ...........
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I t  may be noted t h a t  panel damping i s  now i n c o r p o r a t e d  wi th in  t h e  ex pr es s io n  f o r  
' e i g e n '  f r e q u e n c y ,  by way of  t h e  i n t e r n a l  damping f a c t o r  occur ing  w i t h i n  t h e  bending 
s t i f f n e s s  B ' .

The s e r i e s  summation of equa t ion  (39) converges  q u i t e  r a p i d l y  f o r  terms inv o lv in g  
e igen  f r e q u e n c i e s  “ qr  g r e a t e r  than t h e  e x c i t a t i o n  f req u en c y  in  a d d i t i o n  one may 

n o te  t h a t  t h e  s e r i e s  summation 4 x (2/n)  £ l / ( q r )  = 1.
These f e a t u r e s  may be employed to y i e l d  computa t ional  economies.

3.4 PRESSURE AND PANEL VELOCITY

The v e l o c i t y  of  any panel  may be w r i t t e n  in te rms of  p r e s s u r e  and impedance v i a  t h e  
r e l a t i o n s h i p s  shown in e q ua t i o ns  (7) and ( 11) ,  t h a t  i s : -

Vp-j = PL i /ZLi = PR-j/ZRi = (PLi -  PRi ) /Zpi (40)

Also,  from e qua t ion  (23)

Vpi+1 = VPi • Z6 i / ( Z Ai+ ZLi+1) , i = 1 t o  n-1 (41)

Thus,  e q u a t i o n s  (40) and (41) wi l l  al low any p r e s s u r e  r a t i o  or r a t i o  of p r e s s u r e  to 
panel  v e l o c i t y ,  t o  be de termined .

Equation (19) may be employed to  de t ermine  the  p r e s s u r e  a t  any p o in t  between 
v i b r a t i n g  pan el s  or  between t h e  l a s t  panel  and t h e  systems t e r m i n a t i n g  impedance.

3.5 SOUND PRESSURE RATIO

As a measure o f  a panel  s y s t e m ' s  per formance ,  a sound p r e s s u r e  r a t i o  (SPR) may be 
employed,  t h a t  i s  :-

SPR = 20 Log10 ( | P i 11/ 1PRn| ) (42)

where | P i 11 i s  t h e  p r e s s u r e  ampl i tude of  t h e  i n c i d e n t  p r e s s u r e  wave on 
t h e  l e f t  hand s i d e  of  t h e  f i r s t  panel .

and |Prp I i s  t h e  p r e s s u r e  ampl i tude on t h e  r i g h t  hand s id e  of 

the  n^h panel

The sound p r e s s u r e  r a t i o  as d ef in ed  in eq ua t io n  (42) i s s i m i l a r  t o  t h e  term ' T r a n s 
mi ss i on  Loss '  based upon a r a t i o  of i n c i d e n t  i n t e n s i t y  to  t r a n s m i t t e d  i n t e n s i t y ;  
t h i s  s i m i l a r i t y  becomes ex ac t  when t h e  p r e s s u r e  wave on t h e  t r a n s m i t t e d  s i d e  o f  t h e  
n̂ -h panel i s  f r e e l y  propogated;  however t h e  r a t i o  of p re s s u r e s  employed here 
avoids  c o m p l e x i t i e s  a s s o c i a t e d  with t h e  d e f i n i t i o n  of i n t e n s i t y  in the  compl ica ted  
sound f i e l d s  caused by t h e  pr es ence  of  backing w a l l s  or  rooms,  w h i l s t  s t i l l  p r o v i d 
ing a s t r o n g  i n d i c a t o r  of  performance as might  s u b j e c t i v e l y  be judged.

For th e  p r e s e n t  a n a l y s i s ,  i t  i s  nece s sa ry  to  deduce a r e l a t i o n s h i p  between the 
i n c i d e n t  p r e s s u r e  ampl i tude ' P i '  and t h e  t o t a l  p r e s s u r e  on t h e  s u r f a c e  of  i n c i d e n c e  

PLi-
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P r oc ee d in g  in a manner shown by R i c h a r d s  and Mead [ 1 0 ] ,  t h e  t o t a l  p r e s s u r e  on t h e  
i n c i d e n t  s u r f a c e  may be w r i t t e n  a s : -  = P i '  + Pr '  + Pr r

where  P i '  = i n c i d e n t  p r e s s u r e  wave
Pr '  = r e f l e c t e d  p r e s s u r e  wave
Pr r  = r e - r a d i a t e d  p r e s s u r e  wave c a u s e d  by pane l  v i b r a t i o n  

Via e q u a t i o n  ( 9 ) ,  one may w r i t e  t h e  r e  r a d i a t e d  wave a s : -

Pr r  = -  Pc0 * \ l p1 and,  g i v en  t h a t  0 P r ' ^ . P i  ' ,

as a f i r s t  a p p r o x i m a t i o n  P r 1 = P i '  t h u s  P[_  ̂ = 2p-j ' -  Pc0 *Vp^

o r  r e p l a c i n g  P[_̂  by t h e  p r o d u c t  o f  panel  v e l o c i t y  and i n p u t  impedance ,  one may 

w r i t e : -
P i ' = VPl  * (ZLl + p c 0 ) / 2  (43 )

4 . APPLICATIONS

In o r d e r  t o  i l l u s t r a t e  t h e  use  of  t h e  f o r g o i n g  a n a l y s i s ,  t h r e e  c a s e  s t u d i e s  w i l l  be 
c o n s i d e r e d .

1. S i n g l e  l e a f  panel  backed by a c a v i t y
2. Double l e a f  panel
3.  M u l t i p l e  l e a f  panel

4 .1  VIBRATING PANEL BACKED BY A CAVITY

<-r 2

Panel 1 

Impedance Z?1

Velocity V?1

x = 0

I
Surface 2 

Input Impedance Zi_2

x = d,
I

F ig u e  2 -  Model describing parameters for a  vibrating panel backed by a cavity.

The model o f  F i g u r e  (2) c o n s i s t s  o f  a pane l  c a p a b l e  o f  v i b r a t i o n ,  backed  by a c a v i t y  
o f  dep th  d i . The b a c k i ng  c a v i t y  i s  t e r m i n a t e d  by a s u r f a c e  ha ving  an as y e t  
a r b i t a r y  i n p u t  impedance  1\_2 -

E q u a t i o n s  (15) and (26b) may be a p p l i e d  t o  d e t e r m i n e  t h e  s y s t e m ' s  i n p u t  impedance  
Z[_l s  t h a t  i s

Zl i = ZPT + ZR1 ( 4 4 )
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zl_2 c o s ( k d i )  + j  Pc0 s i n ( k d i )  
where  Zrx = --------------------------------------------------------  (45)

Pc0c o s ( k d i )  + j  Z[_2 s i n ( k d i )

The sound p r e s s u r e  r a t i o  may be w r i t t e n  f rom e q u a t i o n  (42) a s : -

SPR = 2 0 . 1 og 10 ( | P i ' | / | P R i | ) (46)

s u b s t i t u t i n g  f o r  Pr x = Vp1*Z^1 f rom e q u a t i o n  ( 40 ) ,  and P-j f rom e q u a t i o n  (43) i n t o

e q u a t i o n  ( 4 6 ) ,  and e x p r e s s i n g  impedance  t e r ms  i n  t h e i r  ' n o r m a l i s e d '  f orm,  t h e  sound 
p r e s s u r e  r a t i o  may now be w r i t t e n  as :

SPR = 20 l o g 10 | ( Z p x + Zr x + l ) / 2  Zr x | (47)

Zr x w i l l  be d e r i v e d  f rom e q u a t i o n  (45)  upon c o n s i d e r a t i o n  o f  t h e  t h r e e  c h o i c e s  f o r  

t h e  n o r m a l i s e d  t e r m i n a t i o n  impedance 1\_2 deduced from e q u a t i o n s  ( 2 7 ) ,  ( 2 8 ) ,  and 

( 29) .  For example  c o n s i d e r  t h e  n o r m a l i s e d  form o f  e q u a t i o n  ( 2 9 ) ,  l[2 = R2 + j  X2 , 

( p a r t i a l l y  r e f l e c t i n g  and a b s o r b i n g )  which upon s u b s i t u a t i o n  i n t o  e q u a t i o n  (45) 
y i e l d s

Zn = R2 * c o s ( k d i )  + j  [ s i n ( k d i )  + X2 , c o s ( k d i ) ]

[ c o s ( k d i )  -  X2 * s i n ( k d i ) ]  + j  R2 * s i n ( k d i )

where d i  i s  t h e  d i s t a n c e  f rom t h e  v i b r a t i n g  panel  t o  t h e  b e q i n i n g  o f  t h e  
a b s o r b i n g  and r e f l e c t i n g  l a y e r .

I f  t h e  n o r m a l i s e d  t e r m i n a t i o n  impedance  Z[_2 i s  due t o  an a b s o r b e n t  m a t e r i a l  l i n i n g

an a c o u s t i c a l l y  ha r d  b ac k i ng  w a l l ,  R2  and X2  above wi l l  be e x p r e s s e d  by t h e  n o r m a l 
i s e d  form o f  R and X d e f i n e d  a f t e r  e q u a t i o n  ( 3 4 ) .

4.2 DOUBLE LEAF PANEL

-  R1

PL,

-  R 2  

Zl ,

► ‘-R,

Zl,

Ponel 1

Impedance Z pi 

V e lo c i ty  V pi

h r xx = 0

Panel 2

Impedance Z P 2  

Velocity VP 2

x = d.

Termination s u r f a c e  3

Figure 3 -  Model describing p a ra m e te r s  for a  double leaf panel s y s t e m .
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The model of Figure (3) consis ts  of two v ib ra t in g  panels separated by an a i r  gap of 
width d i .  To the r i g h t  and at a distance o f d2 from the second panel, ex is ts  a 
te rm ina t ion  surface having an a rb i ta ry  input impedance Zl 3:

The sound pressure r a t i o  f o r  the model of Figure (3) may be w r i t te n  from equation 
(42) as:-

SPR = 20 log10 ( | P i 1| / 1PR2 1) (49)

where P-j i s  the inc iden t  pressure

and Pr2 i s  the pressure to  the r i g h t  o f  the second panel 

The inc iden t  pressure P-j1 may be w r i t te n  d i r e c t l y  from equation (43) th a t  

is P i '  = VPl (ZLl + p c 0 ) / 2

w h i ls t  the pressure e x is t in g  the r i g h t  o f  the second panel may be w r i t te n  from equa
t io n  (4Û) as:-

Pr2 = Vp2 * Zr2 (50)

The second panel v e lo c i t y  Vp2 may be w r i t te n  in  terms o f  the  f i r s t  panel v e lo c i t y  
Vp1 v ia  equation (23), and the impedance to  the r i g h t  o f  the  second panel Zr2 may 
be expressed in terms o f  the te rm ina t ion  impedance Z|_3, v ia  equation (26a); th u s : -

Pr2 = vPi [Zb i / (Z a i +Zl 2) ] [ Z a2-Zb2/(Z a2 « L3) ]

or, rearanging terms

Pr2 = vPl i Z A 2[ Z B i / ( Z A i + Z L 2 ) ] - Z B 2 [ Z B l / ( Z A l + Z L 2 ) ] [ Z B 2/ ( Z f l 2 + Z L 3 ) ] }  (51)

Equation (43) fo r  P-j ' and equation (51) fo r  Pr2 may now be subs t i tu ted  in to  equation 
(49) to y i e l d : -

SPR -  20 log10 | (ZLl + p c 0 ) / 2  Z2 | ( 52)

where

2 2 

zLl = zPi + zAi “ zB i / ( zA i+ ZP2+ ZA2 " zB2/ t zA2+ ZL3] )  (53)

z2 = zA2 [ zB i / ( zA i+ zL2)-1 " z6 2 t zB i / ( zA i+ zL 2 ) X zb2/ ( zA2 + ZL3 ) -I

The panel impedance terms Zp, and Zp2 may be chosen from equations (35) to  (38), 

w h i l s t  the te rm ina t ion  impedance Z[_3 may be chosen from equations (27) to (29).
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In general the evaluation of equation (52) and (53) must be undertaken by 
computational techniques, although i t  has been shown, Brüel [11, Chapter 5] London 
[1 2 ] ,  th a t  ana ly t ica l  in te rp re ta t io n  is  possible fo r  ce r ta in  s im p l i f ie d  case 
stud ies. I t  may be noted th a t  the angle o f  incidence dependence o f the Mass-Sprinq- 
Mass Resonance as deduced by London [12] f o r  the case of i n f i n i t e  panels, does not 
apply f o r  the case o f f i n i t e  panels, Guy [13 ].  For f i n i t e  panels, resonance occurs 
at about the fundamental predicted by London ( e=0), but fo r  a l l  inc iden t  angles.

4.3 MULTIPLE PANELS

The sound pressure r a t i o  f o r  the general case o f m u l t ip le  panels may be w r i t te n  
d i r e c t l y  from equation (4 2 ) : -

SPR = 20 log l0 ( | P i ' | / | P R „ | )  

where P-j1 is  the inc iden t  pressure

and PRn is  the pressure to  the r i g h t  o f  the nth  v ib ra t in g  panel and i t s  s o lu t 
ion may be w r i t te n  in  a manner s im i la r  to  equation (52), th a t  i  s : -

SPR = 20 log10 | (Z Ll + pc0)/2 Zn | (54)

where

2 2 

z L r  zPi + zAi -  zBi /CzA i+ ZP2+ zA2 • zB2 / [ zA2+

- W ^ n - l  + ZPfi + ZA„ -  ZB„ / [ ZAn + zLn+1] ]  ...........] ]  (55)

and Z„ = Za „  1 Ï  [ZBi/ ( Z A, + ZL, +1) ]  -  ZB V [ Z B / ( Z A, + ZL,+, ) ]  (56)
i= l  1=1

where n > 1
and n in fe rs  successive products

Analysis o f  equations (54), (55) and (56) may now proceed v ia  computational tech 
niques.

5. DISCUSSION

The present discussion is  based upon the re s u l ts  presented in Figures (4) to  
(8 ) ,  w ith the ob jec t ive  of i l l u s t r a t i n g  typ ica l  general analysis app l ica t ions ;  the 
discussion is not exhaustive, nor do the f igu res  d isp lay  a l l  possib le t rends, 
phenomenum, or phenomena in te ra c t io n .

Results a r is ing  from the ana ly t ica l  procedure out l ined in section 4.1 with 
respect to  s ing le  le a f  panels in the presence and absence of a backing room are 
shown in Figures (4), (5) and (5).

54



SO
U

N
D

 
P

R
E

S
S

U
R

E
 

RA
TI

O
 

(D
B

) 
SO

U
N

D
 

P
R

E
S

S
U

R
E

 
RA

TI
O 

(D
B

)

F igure 4 : Sound Pressure Ratio for a single leaf panel of glass.
Thickness 9.525mm, Density 2300 kg/m3.
Perfect transmission to the right (Equation (27)1.

----------Modified Coincidence (Equation (37)).

Youngs Modulus 6.2X1010 N/rr^ Internal Damping r^= 0.002.

----------  Sprung Wall (Equation (38)).

Wall Stiffness Constant K = 108,000 N/m.

Figure 5 : Sound Pressure Ratio for a single leaf panel of glass. 

Thickness 9 525mm, Density 2300 kg/m3 

Perfect transmission to the right (Equation 27)

Multiple Resonance Panel (Equation 39).

Youngs Modulus 6.2 x tO^N/m2, Internal Damping 7] « 0.002.
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Figure 4 shows the sound pressure r a t io  predicted fo r  a 9.525 mm glass panel 
( typ ica l  o f  a shop window) based upon the modif ied coincidence equation (37), and 
the sprung wall equation (38). Such models are genera l ly  employed to i l l u s t r a t e  
c la ss ica l  con tro l  regions.

One may observe th a t  the s t i f f n e s s  contro led region occurs below the fundamen
ta l  mass-spring resonance of 11 Hz and is  the re fo re  u n l ik e ly  to be of s ign i f icance  
fo r  most p ra c t ica l  purposes; the s t i f f n e s s  constant was chosen to  y ie ld  the same 
fundamental resonance as predicted fo r  a 2 x 2 metre panel (see Figure 5).

Figure (5) d isplays the transmission of sound when the glass panel e xh ib i ts  the 
m u lt ip le  resonance predicted fo r  a 2 x 2 metre panel sect ion, equation (39). The 
'resonance re g io n 1 can be seen over the whole frequency range thus an increase of 
panel damping would genera l ly  improve a t tenuat ion ; i t  can also be seen th a t  the 
sound pressure r a t io  tends to the 'mass law1 p red ic t ion  at higher frequencies 
although i t  should be noted th a t  'co incidence' has been ommitted from th is  d isp lay .

Figura 6 : Sound Pressure Ratio tor a single leaf panel of glass

Thickness 9 .525m m , Density 2300 kg/m ?

Absorbent lined backing cavity (Equation 48 ), Distance 2900m m .

F low  resistivity of Absorbent 20000 mks ra y ls /m , thickness 100mm.

Multiple Resonance Panel (Equation 39).

Youngs Modulus 6.2 x 1010 N /m 2 , Internal Damping r| = 0 .0 0 2 .

Figure (6) d isplays the re s u l t  o f  applying a 'damped' backing room to the 
m u l t ip le  resonance panel of Figure (5). The overa l l  ca v i ty  depth is  three metres 
and the a c o u s t ic a l ly  hard backing wall is  l ined  w ith  100 mm of absorbent mater ia l  
having a f low r e s i s t i v i t y  o f  20000 mks rayls/m. The occasions of resonance are 
s i g n i f i c a n t l y  increased and the co n tro l in g  fac to rs  are the room depth and absorbent 
m a te r ia l ;  a tendency to the re su l ts  of Figure (5) would be observed fo r  increasing 
the room damping w h i ls t  marked increases in resonance excursions would be observed 
fo r  decreasing room absorption. Resonance can be seen at lower frequencies, at 
which the sound pressure w i th in  the room is  s i g n i f i c a n t l y  higher than the inc ide n t  
pressure causing them!!
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Figura 7 ; Sound Pressure Ratio for a double leaf panel system of Aluminum.

Each leaf thickness Imm, Density 2700 kg/m'! A ir  Gap 2 5 .4m m .

Perfect Transmission to the right (Equation 2 7).

M ultiple Resonance Panel (Equation 39),

Youngs Modulus 6.2 x lO^N/m2 , Internal Damping T| « 0.0001.

Figure (7) d i s p l a y s  t h e  sound p r e s s u r e  r a t i o  f o r  a doub le  l e a f  panel  de termined 
in accordance with th e  p rocedure  o u t l i n e  in s e c t i o n  4.2 and i n c o r p o r a t i n g  m u l t i p l e  
panel  r e sonance  d e t a i l e d  in equ a t ion  (39) .  The doub le  panel  i s  o f  two t h i n  aluminum 
s h e e t s ,  each 1 mm t h i c k  and s ep a r a t ed  by an a i r  gap o f  25.4 mm: the  s h e e t s  are 
assumed to  be squa r e  o f  2x2 me t re s .

The ma ss - sp r ing -mass  r e sonance  i s  c l e a r l y  e v i d e n t  about  320 Hz, a l though  a 
s t r o n g  secondary  r e sonance  caused by th e  p r o x i m i ty  o f  a panel  e igen  f r eque nc y  can be 
seen about  310 Hz. The genera l  t r e n d  i s  f o r  th e  m u l t i p l e  panel  r e sonance  t o  be 
superimposed upon t h e  curve  d i c t a t e d  by two mass law pane l s  s e p a r a t e d  by an a i r  gap.

F ig ur e  (8) d i s p l a y s  th e  sound p r e s s u re  r a t i o  de termined f o r  a t h r e e  panel 
system ( s e c t i o n  4 .3)  c o n s i s t i n g  of  th e  double  l e a f  aluminim system d e s c r ib e d  f o r  
F igure  7 in a s s o c i a t i o n  with a s i m i l a r  aluminum panel  lo c a t e d  one me tre  away, t h i s  
being th e  t y p i c a l  a i r  gap one might  ach ieve by u t i l i s i n g  th e  r o o f  depth of  an 
aluminum space frame.  The advantage of  a l a r g e  a i r  gap i s  t h a t  i t s  a s s o c i a t e d  mass- 
spr ing -mass  r e son anc e  i s  l o c a t ed  o u t s i d e  the  f r e q u en c y  r ange  of  i n t e r e s t ,  such i s  
t h e  p r e s e n t  case which e x h i b i t s  t h i s  r esonance  about  40 Hz; t h e  l a r g e  a i r  space has ,  
however caused an a i r  space  r esonance  about  170 Hz th u s  p o t e n t i a l l y  e l i m i n a t i n g  t h e  
e a r l i e r  advantage.  Some m o d i f i c a t i o n  to  th e  ex cu r s io ns  of  the  320 Hz resonance  
a s s o c i a t e d  wi th  t h e  mass and sma l l e r  a i r  gap may a l s o  be seen .
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P lg u rt 6 Sound Pr*s*ur* Ratio for a trlpls leaf pantl *y *t*n  of Aluminum.

Each leaf thlcknfis 1mm, D*n*ity 2700 kg /m 1, Air gap 25.4mm and 1000mm.

Perfect tranimisslon to the right (Equation 27).

Mass Law Panel* , (Equation 35).

The high t ransmission  los s  p o t e n t i a l  of t h i s  p a r t i c u l a r  panel system may s t i l l  
be r e a l i s e d  by loca t ing  absorbent  mater ia l  within the  l a rg e r  a i r  gap; optimum
absorbent  m ate r ia l  t h i c k n e ss ,  c h a r a c t e r i s t i c  flow r e s i s t a n c e ,  and loca t ion  could be 
est imated  by employing the  general  a n a l y s i s .

All r e s u l t s  presented  in Figures  4 to  8 have been computed from the general  
an a ly s i s  programmed in MICROSOFT BASIC on an Apple II plus microcomputer system. 
All computational t imes were ' r easonab le '  and as discussed  are  capable  of v isua l  
qu a l a t i v e  assessment.

6. CONCLUSION

A one dimensional a n a l y t i c a l  model capable  of cons ider ing  many f e a t u r e s  a ssoc 
ia t ed  with v ib r a t i n g  panel systems has been developed and i t s  use demonstrated by 
way of case s t u d i e s .

I t  has been shown t h a t  fo rmula t ions  are  r e a d i l y  generated and t h a t  they are  
based upon a r e c u r r in g  cycle  involv ing a f ixed menu of panel and te rmin a t ion  imped
ance; t h i s  form of  an a ly s i s  i s  id e a ly  su i t e d  f o r  computation.

Graphical  ou tput  from a programmed micro computer system has been shown capable  
of  a n a l y t i c a l  i n t e r p r e t a t i o n ,  and computational t imes have been found ' a c c e p t a b l e ' .  
Thus, the  general ana ly s i s  and procedure appl ied to  a micro computer system wi l l  
prove of use for  i n s t r u c t i o n a l  purposes and may also be of use for  pre l iminary  
engineer ing design purposes.

ACKNOWLEDGEMENT

This work was f inanced from opera t ing  g ran t  A0374 of  the  National Science and 
Engineering Research Council of Canada.

58



REFERENCES

1. N e s t ro v ,  V . S . ,  "Sound Ab so rp t i o n  by M u l t i l a y e r  Resonance  Sys t ems" ,  Comptes 
Rendus (Doklady)  Acad. S c i e .  URSS, 31 [ 1 9 4 1 ] ,  237.

2. K i n s l e r ,  L . ,  F r ey ,  A . ,  "Fundamenta l s  o f  A c o u s t i c s " ,  s econd  e d i t i o n ,  John Wi l ey  
& Sons ,  New York,  London.

3.  Be ranek ,  L . ,  "No i se  and V i b r a t i o n  C o n t r o l " ,  McGraw-Hil l  Book Company, New York,  
London,  1971.

4. West ,  R .C . ,  Se lb y ,  S .M. ,  "Handbook o f  Tab l es  f o r  M a the m a t i c s " ,  Revi sed  Fou r th  
e d i t i o n ,  1975,  CRC P r e s s  I n c . ,  C l e v e l a n d ,  Ohio.

5.  Cremer ,  L . ,  " T h e o r i e  de r  S c h a l 1dammung Dunner Wande bei  Schragen  E i n f a l l " ,  
Akus t .  Z. 7, [ 1 9 4 2 ] ,  81.

6- Be ranek ,  L . ,  "No i se  R e d u c t i o n " ,  McGraw-Hil l  Company, New York,  London,  1960.

7. B h a t t a c h a r y a ,  M.C. ,  Guy, R.W.,  C roc ke r ,  M . J . ,  " C o i nc i de nc e  E f f e c t  w i th  Sound 
Waves in  a F i n i t e  P l a t e " ,  J .  Sound,  V i b . ,  (1971) 18 ( 2 ) ,  157.

8.  Foxwel l ,  J . , F r a n k l i n ,  R . E . ,  " A c o u s t i c  E f f e c t s  in t h e  V i b r a t i o n  o f  s t r u c t u r e s " ,  
A e r o n a u t i c a l  Resea rch  C oun c i l ,  19,  495,  L.A. 41 ,  1957 (Au gu s t ) .

9. Guy, R . ,  B h a t t a c h a r y a ,  M.C. ,  "The T r a n sm i s s i o n  o f  Sound Through A Cav i t y - Bac ke d  
F i n i t e  P l a t e " ,  J .  Sound V i b . ,  (1973) 27 ( 2 ) ,  207.

10.  R i c h a r d s ,  E . ,  Mead. D . , "Noi se  and A c ou s t i c  F a t i g u e  in  A e r o n a u t i c s "  (Ch a p t e r  
3 . 4 ) ,  John Wi ley & Sons L t d . ,  London,  New York,  1968.

11. B r üe l ,  Per V.,  "Sound I n s u l a t i o n  and Room A c o u s t i c s " ,  Chapman & Hall L t d . ,  
London,  1951.

12.  London,  A. ,  " T r a n s m i s s io n  o f  R e v e r b e r a n t  Sound Through Double W a l l s " ,  J.  
Acous t .  Soc. Amer. 22 [1 9 5 0 ] ,  270.

13. Guy, R . ,  "The T r a n s m i s s i o n  o f  A i rb o rn e  Sound Through a F i n i t e  Pa n e l ,  Air  Gap, 
Panel  and C a v i t y  C o n f i g u r a t i o n " ,  A c u s t i c a  Vol.  49,  [ 1 9 8 2 ] ,  No. 4,  323.

59



THE CANADIAN 
ACOUSTICAL 

ASSOCIATION

L ’ASSOCIATION 
CANADIENNE 
DE L ’ACOUSTIQUE

INVOICE/FACTURE

RENEWAL DUE/ABONNEMENT DÛ, JANUARY /  JANVIER 1, 1984

PRINT COMPLETE ADDRESS INCLUDING POSTAL CODE/INSCIRE EN CARACTERE D ’IMPRIMERIE L ’ADRESSE 
COMPLETE ET LE CODE POSTAL

NAME/NOM________ 

ADDRESS/ADRESSE.

POSTAL 
CODE_ 

POSTAL

CHECK APPLICABLE ITEMS /  COCHER CASES APPROPRIEES

(a) Subscription and /  or CAA membership
Abonnement e t / o u  adhésion à l ’ACA $ 15.00

(b) CAA student membership
Membre étudiant de l ’ACA $ 5.00

(c) Sustaining subscription
Abonnés de soutien $ 95.00

(d) Annual donation to 12 ICA
Don annuel au 12e ICA $ 20.00

(e) Single donation to 12 ICA
Don unique au 12e ICA $ 75.00

Total remitted 
Versement total

Make cheques payable to THE CANADIAN 
ACOUSTICAL ASSOCIATION. Mail this 
form with payment to

D.A. Benwell
Environmental Health Centre 
Room 233, Tunney’s Pasture 
Ottawa, Ontario K1A 0L2

Faire parvenir ce formulaire à l ’adresse 
suivante en prenant soin de l ’accompagner 
d’un chèque fait au nom de 
l ’ASSOCIATION CANADIENNE DE 
L’ACOUSTIQUE.



The Canadian Acoustical Association 
l’Association Canadienne de l’Acoustique

President/Président
C.W. Sherry ( 5 1  4) 457-6810 
Research Centre
P.O. Box 300
Senneville, Quebec H9X 3L7

Past President/Ancien Président
T.D. Northwood ( 6 1 3 )  746-1923
140 Blenheim Drive 
Ottawa, Ontario K1L 5B5

Secretary/Secrétaire
D.A. Benwell ( 6 1 3 )  995-9801 
Environmental Health Centre, R.P.B.
Health and Welfare Canada 
Room 233, Tunney’s Pasture 
Ottawa, Ontario K1A 0L2

T reasurer/Trésor/er
J. Nicolas (819) 5 65 -44 79 /4 490
Department of Mechanical Engineering 
University of Sherbrooke 
Sherbrooke, Quebec J1K 2R1

Directors/Directeurs
S. Abel, S.H. Eaton, R. Hétu, J. Leggat, M. Osman, D. Quirt, L.T. Russel, P. Vermeulen

12 ICA COMMITTEE CHAIRMEN TO RO NT01986

E.A.G. Shaw 
A.T. Edwards 
T.F.W. Embleton
F.L. Hall 
R.B. Johnston 
J. Manuel 
J.E. Piercy 
W. Richarz 
A.C.C. Warnock

Executive Committee
Local Planning Committee
Technical Programme Committee
Finance Committee
Support Committee
Secretariat Committee
Committee on Coordinated Meetings
Congress Facilities and Accommodation
Congress Advisory Committee

(613 )
(416 )
(613)
(416 )
(416 )
(416)
(613)
(416)
(613)

993-2840
845-1840
993-2840
525-9140
845-8900
965-9671
993-2840
667-7707
993-2305



SUSTAINING SUBSCRIBERS/ABONNES DE SOUTIEN
The Canadian Acoustical Association gratefully acknowledges the financial assistance of the Sustaining 

Subscribers listed below. Annual donations (of $95.00 or more) enable the journal to be distributed to all at a 
reasonable cost. Sustaining Subscribers receive the journal free of charge. Please address donation (made payable 
to the Canadian Acoustical Association) to the Associate Editor-Advertising.

L’Association Canadienne de l'acoustique tient à témoigner sa reconnaissance à l ’égard de ses Abonnés de 
Soutien en publiant ci-dessous leur nom et leur adresse. En amortissant les coûts de publication et de distribution, les 
dons annuels ($95.00 et plus)rendent le journal accessible à tous nos membres. Des Abonnés de Soutien reçoivent 
le journal gratis. Pour devenir un Abonné de Soutien, faites parvenir vos dons (chèque ou mandat de poste fait au nom 
de l ’Association Canadienne de l ’Acoustique) au membre de la Rédaction en charge de la publicité.

John R. Bain Associates Limited
Consultants in Acoustics 
Mississauga, Ontario L4X 2C7 
Tel.: (416) 625-4773

Barman Coulter Swallow Associates
Engineers in Acoustics & Vibration 
1 Greensboro Drive 
Rexdale, Ontario M9W 1C8 
Tel: (416) 245-7501

Barron & Associates
Consulting Acoustical Engineers 
Noise, Vibration, AudioA/ideo 
Vancouver, British Columbia 

Tel.: (604) 872-2508 “

H.L. Blachford Limited
Noise Control Products 
Engineering/Manufacturing 
Mississauga: Tel.: (416)823-3200 
Montreal: Tel.: (514) 866-9775 
Vancouver: Tel.: (604) 263-1561

William Bradley & Associates
Consulting Acoustical Engineers 
Ingénieurs conseils en acoustique 
Montréal, Québec H3V 1C2 
Tel.: (514) 735-3846

BVA Manufacturing Limited
Noise Control Products 
2215 Midland Avenue 
Scarborough, Ontario M1P 3E7 
Tel.: (416) 291-7371

CA Engineering Services
P.O. Box 2520, DEPS 
Dartmouth, Nova Scotia B2W 4A5

Eckel Industries of Canada Limited
Noise Control Products 
Audiometric Rooms - Anechoic Chambers 
Morrisburg, Ontario KOC 1XO 
Tel.: (613) 543-2967

Electro Medical Instrument Company
Audiometric Rooms and Equipment
359 Davis Road 
Oakville, Ontario L6J 5E8 
Tel.: (416) 845-8900

Bruel & Kjaer Canada Limited
90 Leacock Road
Pointe Claire, Québec H9R 1H1

Higgot-Kane Industrial Noise Control Limited
1085 Bellamy Road North 
Suite 214
Scarborough, Ontario M1H 3C7 
Tel.: (416) 431-0641

Hooker Noise Control Inc.
360 Enford Road 
Richmond Hill, Ontario L4C 3E8

Marshall Macklin Monaghan Ltd.
Consulting Engineers .
275 Duncan Mill Road 
Don Mills, Ontario M3B 2Y1 
Tel.: (416) 449-2500

Nelson Industries Inc.
Corporate Research Department 
P.O. Box 428 
Stoughton, Wl 53589 
U.S.A.

SNC Inc.
Environment Division 
Noise and Vibration Control 
Contrôle du bruit et des vibrations
1, Complexe Desjardins 
Montréal, Québec H5B 1C8 
Tél.: (514) 282-9551

SPAARG Engineering Limited
Noise and Vibration Analysis 
Windsor, Ontario N9B 1N9 
Tel.: (519) 254-8527

Tacet Engineering Limited
Consultants in Vibration and Acoustical Design
111 Ava Road
Toronto, Ontario M6C 1W2
Tel.: (416) 782-0298

Valcoustics Canada Limited
Suite 502 
30 Drewry Avenue 
Willowdale, Ontario M2M 4C4

R.B. Johnston
349 Davis Road 
Oakville, Ontario L6J 5E8

E.H. Bolstad
P.O. Box 5768, Station "L"
Edmonton, Alberta T6C 4G2


