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EDITORIAL Abstracts are invited in one of two 
forms:

It seems only yesterday tha t the 1979 
Annual Meeting was held in Windsor. But 
planning for the October 1980 Annual Meeting 
in Montreal is already underway. The Call for 
Papers published in this issue is a reminder 
tha t the convenors are hard at work behind the 
scenes.

The Annual Meeting has never had a 
published proceedings. This time, we're taking 
a small, and very undemanding step in tha t 
direction. "Acoustics and Noise Control in 
Canada" will be printing full-page (400-500 
words) abstracts  of many of the meeting 
papers. These will supplement the 50-100 
word ones we are used to.

Full-page abstracts will allow authors an 
opportunity to publish a concise, but detailed 
record of their talks - which, otherwise, are 
easily forgotten amid the hustle of Association 
business and the tedious regimen of the hospi
tality  suites! These long-form abstracts will 
also be a record for the 50-75% of the 
membership who do not manage to attend the 
meeting. The magazine will be enlivened by a 
series of diverse features - which will paint a 
fuller picture of the Canadian acoustical scene 
than our longer, mainline papers allow.

What is required? Only tha t you take up 
your pen to write 400-500 words. If you wish, 
substitute tables and small figures for part of 
the tex t. Give your full mailing address. 
Don't worry about format; we will typeset 
from any readable submission.

Abstracts will be printed in issues before 
and a f te r  the meeting. For fuller details, see 
the announcement below. It's a long time to 
the meeting, or so it seems, but the magazine 
is ready when you are.

CAA CALL FOR PAPERS

The Annual Symposium of the Canadian 
Acoustical Association will be held in 
Montreal, Quebec on October 22 and 23, 1980 
at the Constellation Hotel.

Papers on all aspects of acoustics are 
invited (including underwater acoustics and 
vibration).

(1) Normal 100 words or less for publi
cation in the programme for the symposium. 
Mail by August I, 1980 to Cameron Sherry, 
Domtar Inc., 2001 University St., P .O .B o x  
6138, Montreal, Quebec H3C 3KV, tel: (514) 
282-5306; or

(2) A full-page (~450 word) synopsis 
for publication in "Acoustics and Noise 
Control in Canada." Mail as soon as conven
ient to Daryl May, Wyle Laboratories, 128 
Maryland St., El Segundo, California 90245; 
tel: (213) 322-1763 - and send a copy to 
Cameron Sherry, address above.

Arrangements for group rates have been 
made at the Constellation Hotel. Details will 
be given later.

CAA: APPEL AUX COMMUNIQUES

Le Symposium Annuel de l'Association 
Canadienne de l'Acoustique aura lieu à 
Montréal, Québec le 22 et 23 octobre 1980 à 
l'hôtel Constellation.

Les communiqués tra itant de tous les 
aspects de l'acoustique sont invités (incluant 
l'acoustique sous-marine et les vibrations).

C e t te  année nous demandons des 
résumés sous une des deux formes suivantes:

(!) Le résumé habituel de 100 mots ou 
moins pour publication au programme du 
symposium. Les résumés de 100 mots doivent 
ê tre  remis avant le 1er août 1980 à Cameron 
Sherry, Domtar Inc., 2001 University St., C.P. 
6138, Montréal, Québec H3C 3K4; tél: (514) 
282-5306; ou

(2) Une page-résumé (~450 mots) pour 
publication dans "l'Acoustique e t  la Lutte 
Antibruit au Canada." La page-résumé devrait 
ê tre  envoyée aussi tôt que convenable a notre 
rédacteur, Daryl May, Wyle Laboratories, 128 
Maryland St., El Segundo, California 90245; 
tél: (213) 322-1763 - avec copies à Cameron 
Sherry, adresse ci-dessus.

Un taux de groupe nous a é té  offert par 
l'hôtel Constellation. Les détails seront 
fournis séparément.
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IN TER N ATIO N AL MEETING IN TORONTO

An in te rna tiona l symposium on Personal 
Hearing P ro tec tion  in Industry w il l  be held in 
Toronto, Canada, May 14-16, 1980.

Topics include:

o B iology o f  hearing loss
o Sound measurements and dos im etry

o Hearing p ro te c to rs : design and sa fe ty
o Leg is la tion
o Risks to  hearing fro m  sound exposure
o Economics
o Q uan tify ing  hearing conservation

For fu r th e r in fo rm a tio n  co n ta c t: O ff ic e  
o f  Continu ing M edical Education, U n ive rs ity  
o f Toronto, F a cu lty  o f  M edic ine, 245 F i tz 
gerald Build ing, Toronto , O n ta rio  M55 IA 8 ; 
te l:  (416) 978-2718

REUNION IN TE R N A TIO N A LE  A TORONTO

Un colloque in te rna tio n a l sur la P ro te c 
t io n  de l'A ud ition  Personnelle dans l'industr ie  
aura lieu à Toronto , Canada, le 14-16 m ai, 
1980.

Parm i des sujets tra ité s , les suivants 
sont inclus:

o B io log ie  de la perte  d 'aud ition  
o Mesures de son e t de dosage 
o P ro tec teurs  d 'aud ition : conception  et 

sécurité
o Lég is la tion
o Risques associés a l'expos ition  sonore 
o R e n ta b ilité
o Q u a n tif ica t io n  de la conservation 

aud ito ire

Renseignements supplém enta ires: O ff ic e  
o f C ontinu ing  M edical Education, U n ive rs ity  
o f Toronto , F a cu lty  o f M edicine, 245 F i tz 
gera ld  Build ing, Toronto , O n ta rio  M5S IA 8 ; 
té l :  (416) 978-2718.

NRC ATTAC KS  M A C H IN E R Y  NOISE

The N ationa l Research C ouncil has 
re ce n tly  created an Associate  C o m m itte e  on 
M ach inery Noise. The f i r s t  m eeting  o f the  
C o m m itte e  was held on January 17, 1980 in 
O ttaw a , chaired by Tony Em bleton.

NRC Associate C om m itte es  are fo rm ed

fro m  t im e  to  t im e  in response to  national 
needs, to  study p a r tic u la r  problem s and advise 
the C ouncil on solutions.

NRC's new in it ia t iv e  on m ach inery  noise 
comes a t a t im e  o f pub lic  awareness fo r  both  
com m u n ity  and industria l noise; the  economics 
o f com pensation fo r  hearing damage is a 
fa c to r  a ffe c t in g  business and governm ent de
cisions, and the re  is w idespread federa l and 
p rov inc ia l leg is la tion  to  l im i t  w orkp lace  noise 
exposures.

N RC decided th a t:

o the re  is a pressing need to  produce 
qu ie t products to  com pete  in a tough in te r 
nationa l m a rke t th a t  is becom ing increas ing ly  
hostile  as o the r coun tries in troduce  th e ir  own 
noise regu la tions and produce q u ie te r (or lower 
v ib ra tio n ) products. W ithout ac tion , jobs w il l  
be lost.

o many companies seem unable to  up
grade th e ir  p roducts, through lack o f appro
p r ia te  acoustica l sk ills , or seem unaware o f 
the  m agnitude o f  the  social and econom ic 
forces re la ted  to  noise th a t face  them .

o the re  could  be s ig n if ic a n t advantages 
in devising and fos te r in g  su itab le  schemes fo r  
exchange between industries faced w ith  noise 
problem s, and un ive rs ities  and governm ent 
w orkers w ith  expertise  in m ach ine ry  noise.

TORONTO C H APTER  IN A U G U R A L

The C A A  now has a Toron to -a rea  local 
chap ter. The inaugural m ee ting  was held in 
the  O n ta rio  H ydro B u ild ing  in Toronto  on 
February 25, a ttended by 24 members. 
Members discussed o rgan iza tiona l m a tte rs .

The chapter is the  re su lt o f the  in it ia t iv e  
o f  A lb e rto  Behar and Greg M iche l, who a r
ranged the  m ee ting  a f te r  f i r s t  po lling  
members fo r  th e ir  in te re s t. The chap te r con
cept w ith in  the  C A A  has been discussed be
fo re  -  a t the  1975 Annual M eeting  w ith in  the 
same O n ta rio  Hydro Bu ild ing  fo r  exam ple. A t  
th a t  t im e , i t  was decided to  le t chapters 
germ ina te  wherever local cond itions  were 
r ig h t ,  ra th e r than sow seeds fro m  the  cen tra l 
o rg an iza tion . A lb e rto  Behar and Greg M ichel 
have shown th a t  cond itions may now be r ig h t 
fo r  a chap ter in Toronto . A no the r has also
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started  in Ottawa.

Meetings are planned each quarter, prob
ably on Monday evenings. Some will be 
"dinner meetings," and some may occasionally 
be elsewhere in Southern Ontario. Program 
items have yet to be settled. A meeting is 
planned for May, however, a t which time it 
may be possible to entice speakers from 
abroad who will be visiting Toronto then. (See 
"International Meeting in Toronto," this 
section.)

A Steering Committee has been set up to 
guide the Toronto Chapter. As well as Alberto 
Behar and Greg Michel, it includes Sharon 
Abel, John Bradley, Graham Higgott, Chris 
Krajewski, John Swallow and Winston 
Sydenborgh. This is a broad-based committee 
with membership from industry, consultancy, 
instrumentation suppliers, university, govern
ment and medicine. John Manuel brought 
greetings from the CAA President, Tom 
Northwood -  and a reminder tha t chapters 
should not expect CAA funding for their activ 
ities!

Forthcoming Toronto Chapter events 
will be announced in "Acoustics and Noise 
Control in Canada." We hope to convey news 
of other chapters too.

ENVIRONMENT ONTARIO REPORTS

The Noise Pollution Control Section of 
Environment Ontario received 448 new noise 
complaints in 1978-79. Complaints of exces
sive noise from industry resulted in 165 inves
tigations, and two persistent offenders were 
prosecuted. A fine of $2,500 was assessed in 
one case, the  other is pending. The Section 
also investigated 95 complaints of air condi
tioner noise, 73 complaints of blasting concus
sion noise, and I 15 other complaints of miscel
laneous noise activities. Provincial officers 
were called upon to provide expert testimony 
in 12 actions launched by various municipal 
and private parties.

The final report of the Model Municipal 
Noise Control By-law was published in August 
1978. Thirty municipalities, accounting for 
more than 30% of Ontario's urban population, 
have adopted noise control by-laws under Sec
tion 95a of The Environmental Protection Act. 
Twenty additional by-laws were being pre

pared for submission to the Minister of the 
Environment for his approval.

The fourth year of the Environmental 
Acoustics Technology training program spon
sored by the Ministry was successfully com
pleted. An external contract has been 
awarded to provide a draft Acoustics IV train
ing manual, the final text in the planned series 
of training materials.

The Noise Pollution Control Section has 
provided technical comment on more than 
2,000 new land-use proposals and industrial 
projects in the four years since the noise 
impact assessment program was formalized. 
Increasing attention has been given to asses
sing class environmental impact statements, 
inter-government studies on transportation 
noise problems, and use of lands subject to 
Ministerial zoning orders.

The Section sponsored and guided the 
following major research projects: a study of 
the effec ts  of transportation noise (funded by 
the Provincial Lottery Trust Fund); an investi
gation of noise emissions from a railway mar
shalling yard (funded by the Transportation 
Development Agency of Transport Canada); a 
study of community response to railway noise 
(funded by Experience '78). The United States 
Environmental Protection Agency used data 
from the last study in proposing U. S. Railroad 
Noise regulations. Two other noise-related 
projects were funded under the Ministry 
Experience '78 program. Both were external 
study projects on transportation noise and 
were awarded to two Ontario universities. 
Staf also cooperated in the report "Noise in 
the Human Environment" prepared by 
members of the Canadian Acoustical Associa
tion for the Environment Council of Alberta.

NEW RESEARCH CONTRACTS

Bill Bradley reports on the latest re 
search contracts awarded by the federal 
government.

To University of Saskatchewan, 
Saskatoon (Dr. D. Dodds and Dr. G. Wacker), 
$2,000 for an initial phase of a study con
cerning "Subjective Evaluation of Delta Codes 
in Quality Music and Sound Broadcast Distri
bution." Awarded by the Dept, of Communi
cation.



To Nova Scotia  Technica l College, 
H a lifa x , $23,995 to  "Design and Build  a System 
to  M on ito r, by means o f U ltra so n ic  T e lem e try , 
Tem perature and S a lin ity  a t Gear and Depth 
o f Gear Towed behind the  E. E. P rince or 
S im ila r Vessel." Awarded by the D ept, o f 
F isheries and Oceans.

To M em oria l U n ive rs ity  o f New found
land, St. John's (D r. M. J. C lo u te r and D r. H. 
K ie fte ) , $8,055 to  "D e te rm in e  the A coustic  
P roperties o f M ethane H yd ra te  by B rillo u in  
Spectroscopy." Awarded by the  D ept, o f 
Energy, Mines and Resources.

To Dalhousie U n ive rs ity , H a lifa x  (D r. 
H. W. Jones), $35,135 fo r  a "S tudy to  Design 
Apparatus fo r the  U ltra so n ic  Inspection o f 
Turb ine Blades." Awarded by the  D ept, o f 
Nationa l Defence.

To Huntec ('70) L td .,  Scarborough, 
$49,000 fo r  a "S tudy o f the  N orm al Incidence 
R e fle c tio n , and S ca tte ring  o f a Deep Towed 
System (DTS) A cous tic  Signals fro m  the Sea 
F lo o r." Awarded by the  D ept, o f N ationa l 
Defence.

To Huntec (70') L td .,  Scarborough, 
$26,830 fo r  an "E va lua tion  o f  Sonar Equipm ent 
and Techniques fo r  A pp lica tions  in the Beau
fo r t  Sea." Awarded by the  D ept, o f  F isheries 
and Oceans.

To In s t itu t nationa l de la recherche 
sc ie n tif iq u e , U n ive rs ity  o f Quebec, Verdun, 
$14,815 fo r  "Use o f  Voice Signal D ig ita l Com 
pression Techniques in S a te llite  Te lecom m uni
cations Systems." Awarded by the D ept, o f 
C om m unications.

To the U n ive rs ity  o f W innipeg (D r. C . W. 
Bell), $50,870 fo r  "C o lle c t io n  and Analysis o f 
Wind and Tem perature  D ata  to  Evaluate and 
Develop V e rtica l Wind F ie ld  P red ic tion  
Models." Awarded by the D ept. o f the 
E nvironm ent.

To Mesotech Systems L td ., N o rth  Van
couver, B .C ., $21,536 fo r  "D eve lopm ent o f  a 
Wide Swath Sonar System -  Phase I." Awarded 
by the D ept, o f F isheries and Oceans.

To Huntec 070) L td ., Scarborough, 
$247,703 fo r  "D eve lopm ent o f a N on-L inear 
Acoustic  Transducer fo r  Through the  Ice Echo

Sounding Systems fo r  H ydrograph ic  C ha rting  
in the  A rc t ic . "  Awarded by the  D ept, o f 
F isheries and Oceans.

To Hermes E lec tron ics  L td ., D a rtm ou th , 
Nova Scotia , $1,000 to  "T roub leshoot the 
Rem ote  A cous tic  D ata A cqu is it ion  System." 
Awarded by the  D ept, o f N a tiona l Defence.

NEW FR EN C H  NOISE B U LLE TIN

The French M in is try  o f  the  E nvironm ent 
now publishes a b im o n th ly  b u lle t in  on acous
t ic s . Each issue conta ins a rev iew  o f  200 
books and a rt ic le s . The b u lle t in  also publishes 
noise news.

A  g rea t deal o f the bu lle tin 's  m a te r ia l is 
o f N o rth  A m erican  and B r it is h  o r ig in . The 
b u lle t in  may the re fo re  be useful in g iv ing  
French Canadian acoustic ians access in French 
to  a large body o f local as w e ll as in te r 
na tional acoustica l l ite ra tu re .

For fu r th e r  in fo rm a tio n , please co n ta c t 
Monsieur X . D a ga llie r, C e n tre  d 'in fo rm a tio n  e t 
de D ocum enta tion  sur le B ru it ,  23, rue de 
M adrid , 75008 Paris, France.

NOUVEAU B U LLE T IN  F R A N Ç A IS  SUR LE 
BRUIT

Le M in is tè re  de l'E nv ironnem ent de 
France publie  m a in tenan t un b u lle t in  
bimensuel sur l'acoustique. Chaque numéro 
c o n tie n t des c r it iq u e s  de 200 liv res e t a rt ic le s , 
on trouve  égalem ent des nouvelles re la tive s  au 
b ru it .

Un grande p a rtie  du contenu de b u lle t in  
p rov ien t de l'A m érique  du Nord e t de la 
Grande Bretagne. Ce b u lle t in  in té resse ra it 
p a r tic u liè re m e n t des acoustic iens fra n c o 
phones, il leur o f f re  en frança is  des pub lica 
tions nationales e t in te rna tiona les  sur 
l'acoustique.

Pour plus de renseignem ents, s'addresser 
à; Monsieur X . D a ga llie r, C entre  d 'in fo rm a 
tio n  e t de D ocum enta tion  sur le B ru it ,  23, rue 
de M adrid , 75008 Paris, France.

ASA MEETS

The next m eeting  o f  the A coustica l 
Society o f A m e rica  is on A p r il 21-25 1980 at 
the Colony Square H o te l, A t la n ta , Georgia.
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National Research Council Conseil national de ■  jàu Health and Welfare Santé et Bien-être social 
Canada recherches Canada H  Canada Canada

A cous t i c s  Sec t io n  
Di v i s i o n  o f  Physics

N on-Ioniz ing Rad ia t ion S e c t i o n ,  
R ad ia t i on  P r o t e c t i o n  Bureau 
Environmental  Heal th D i r e c t o r a t e

i n v i t e  you to an i n d u s t r y - o r i e n t e d  in fo rm a t io n

SEMINAR

on

OCCUPATIONAL EXPOSURE TO NOISE AND VIBRATION

- EFFECTS, MEASUREMENT AND CONTROL

DATE: October  20-21,  1980 LOCATION: C o n s t e l l a t i o n  H o te l ,  MONTREAL

DESIGNED FOR a c o u s t i c i a n s ,  e n g i n e e r s ,  i n d u s t r i a l  h y g i e n i s t s  and o th e r s  
concerned wi th  o ccu p a t io n a l  h e a l t h  and s a f e t y .

SUBJECTS f o r  LECTURES and DISCUSSION i n c lu d e :

. NOISE. Review o f  e f f e c t s  on people and t h e i r  r e l a t i o n  to  n o i s e  ex posure ;  
r e g u l a t i o n  o f  o ccupa t iona l  no i se  exposure  in  Canada wi th  i m p l i c a t i o n s  f o r  
employers  and employees; p a t t e r n s  o f  no i s e  exposure  and h e a r in g  l o s s  in 
Canadian i n d u s t r y ;  te c h n iq u e s  f o r  and problems o f  measur ing no is e  exposure  
in  f a c t o r i e s ,  ou tdoor s  and n ea r  p e o p l e ,  and t r e a t m e n t  o f  i n t e r m i t t e n t  
exposure  and impulse n o i s e .

. WORKSHOP on the  problems o f  i n - p l a n t  n o i s e  c o n t r o l  ( s u b j e c t s  to  be chosen 
by p a r t i c i p a n t s )

. VIBRATING HAND-HELD TOOLS. Review o f  symptoms and o b j e c t i v e  t e s t s  f o r  
"whi te  f i n g e r " ;  su rvey  o f  use o f  v i b r a t i n g  t o o l s  in  Canadian i n d u s t r y ;  
e x p e r im en ta l  t e chn iques  f o r  and problems o f  measur ing h a n d - t r a n s m i t t e d  
v i b r a t i o n ;  r e l a t i o n s  between exposure  to  v i b r a t i o n  and development o f  
symptoms; t o l e r a b l e  v i b r a t i o n  ex p o s u re s ;  co n t ro l  o f  occ upa t iona l  
exposure  to  v i b r a t i o n .

TO REGISTER c o n t a c t  Mrs. D.A. Benwel l ,  Room 233, Environmental  Heal th  C e n t r e ,  
Tunney 's  P a s t u r e ,  Ot tawa,  Ont.  K1A 0L2. Tel :  (613)995-9801.  R e g i s t e r  now 
as REGISTRATION IS LIMITED TO 150 PERSONS.

SEMINAR FEE: $60 ($80 a f t e r  August 15,  1980) ,  i n c l u d e s  copy o f  l e c t u r e s  
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ABSTRACT

A b r i e f  hi s to ry  o f  e a r ly  app l ica t ions  o f  ul trasound 
is  given toge ther  with an overview o f  the diverse 
app l ica t ions  o f  ul t rasound today. Ultrasound is  
defined and i t s  p rope r t ie s  are compared with those 
o f  sound.

1. Background

In 1883 Galton1 designed a whis t le  for  the production of  sounds near  or  
above the upper l im i t s  o f  human hear ing.  However, the f i r s t  p rac t ica l  and 
for  many years the only app l ica t ion  of  ul t rasound was in sonar fo r  the de tect ion 
of  submarines. The device,  f i r s t  produced by Paul Langevin in 19172, used a 
quartz c rys ta l  v ib ra t ing  a t  50 kHz to produce an ul t rasound beam which was 
propagated in to  water and the r e f l e c te d  beam detected.  During World War II  the 
sarre p r inc ip le  was used fo r  an ul trasound de tec t ing  device.  The device was 
mounted on the s ides  o f  torpedoes and the sound from ships o r  submarines caused 
the torpedoes to  be d i rec ted  towards them. The f i r s t  i n d u s t r i a l  app l ica t ion  of 
ulrasound was an u l t r a s o n ic  flaw de tec t ion  system, l a t e r  known as an " inspec to-  
scope". This was developed between 1939 and 19453’4 . This system was used for  
loca t ing  flaws in mate ria ls  and fo r  measuring the thickness o f  mate ria ls  for  
which only one face was ava i lab le .

World War II was the c a t a l y s t  fo r  the rapid  development o f  pulse techniques 
in radar and sonar ,  and th i s  in turn led to the preference of  pulse techniques 
over continuous waves in the de tec t ion  of  materia l  de fec t s .  U lt rason ic  non
des t ruc t ive  t e s t i n g  has s t e a d i ly  increased  in e f f i c i e n c y  and become more 
s o p h is t i ca ted .  Improved u l t r a so n ic  non-des truc t ive  t e s t i n g  techniques have 
influenced the app l ica t ions  o f  u l t r a so n ic s  to medicine.

One o f  the e a r ly  technological  advances aiding the development o f  ul trasound 
was the in t roduct ion  in 1945 of  f e r r o e l e c t r i c s  (m ate r ia l s  with a natu ra l  
p o l a r i z a t i o n ) ,  t h a t  could be obtained in ceramic form. Up to t h a t  time the 
p r inc ip le  t ransducer mate ria ls  were quartz  c r y s t a l s ,  ADP c r y s t a l s ,  and 
magnetos tr ic t ive  m a te r ia l s .
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2. What i s  Ultrasound?

Ult rasound i s  a form o f  mechanical energy having f requencies  above the normal 
hear ing range (> 20 kHz). As a form o f  a co u s t i c  r a d i a t i o n ,  u l t r asound  obeys the 
ba s ic  p r i n c i p l e s  o f  sound propagat ion.  In a d d i t i o n ,  u l t r a s o u n d ' s  high frequency 
(and thus  s h o r t  w ave le ng th ) , r e s u l t s  in  i t  conforming more c lo se ly  than sound 
to the b a s i c  p r i n c i p l e s  o f  l i g h t  propagat ion.

The d i f f e r e n c e s  between ul t r asound and sound terminology are due to  the 
fo l lowing major f a c t o r s .  Since ul t r asound  f requencies  do not  a c t  upon the e a r  
in  such a way as to  produce the sensa t ion  o f  sound, the re fe rence  level  o f  
minimum audib le  i n t e n s i t y  adopted in the d e f i n i t i o n  o f  sound pressure  level  (dB), 
has l i t t l e  meaning. The ul t rasound q u a n t i t y  used i n s t e a d  i s  u l t rasound i n t e n s i t y .  
As in sound, u l t rasound  i n t e n s i t y  i s  def ined as the  r a t e  o f  flow o f  u l t r asound  
energy through a u n i t  o f  a r e a ,  and i s  measured in  wa t ts  per  square cen t im etre .  
Airborne u l t r asound  i s  the  only form o f  u l t r asound  commonly measured in  terms o f  
d e c i b e l s .  Tin's i s  mainly due to  a irborne ul t r asound f requenc ies  being in the 
range o f  20-40 kHz, immediately above the upper sound f requenc ie s .  Although these  
f r equenc ies  are i n a u d i b l e ,  i t  has not  been confirmed t h a t  they have no e f f e c t  on 
the hear ing  mechanism. In add i t io n  some a i rborne  ul t r asound  a p p l i c a t io n s  generate  
audible  subharmonics . The major i ty  o f  a p p l i c a t io n s  o f  u l t r asound  a r e ,  however, 
based on i t s  propagat ion in l i q u id s  o r  s o l i d s .  This r e s u l t s  in a corresponding 
change in  b a s ic  constant s  such as the speed o f  sound with re sp ec t  to  sound and 
o th e r  a i rborn e  aco u s t i c  r a d i a t i o n .  F in a l ly ,  s ince  many a p p l i c a t io n s  o f  u l t rasound 
are based on the emission o f  a s ignal (such as a s h o r t  pulse)  and the recep t ion  
o f  i t s  echo,  f a c t o r s  such as beam width and pulse dura t ion are im por tant ,  as are 
the s p a t i a l  and temporal ,  peak and average, i n t e n s i t i e s  o f  the  u l t r asound  pu lse .
For more d e t a i l e d  informat ion on ul t r asound  terminology, the American I n s t i t u t e  
o f  Ul t rasound in  Medicine has produced an in t e r im  s t an d a rd ,  i s  s h o r t l y  to be 
pub l ished  in  t h e i r  magazine "R ef l ec t io n s " .

3. Medical Appl ica t ions

Ult rasound has a v a r i e ty  o f  medical a p p l i c a t i o n s ,  the most common being as 
an a id  to  heal ing  in therapy t r e a tm e n t s .  The most r a p id ly  expanding medical use 
i s  as a d i a g n o s t i c  t o o l ,  p a r t l y  due to the  commonly held  b e l i e f  t h a t  there  i s  
no r i s k  from u l t r asound .  I t  does appear to provide much l e s s  r i sk  than X- 
r a d i a t i o n  as a d i a g n o s t i c  t o o l .  In add i t io n  ul t r asound has s u r g i c a l ,  dental  and 
o th e r  a p p l i c a t i o n s .

3.1 Diagnosis

Ult rasound was in t roduced  to  d iag n o s t i c  medicine in the mid 1950s and ever  
s ince  has been growing a t  such a r a t e  t h a t  i t  has been s t a t e d 5 t h a t  “with 
expanding s e r v ice s  in  u l t r asound  d iagnos i s ,  the frequency o f  human exposure i s  
in c r e a s in g  with the  p o t e n t i a l  t h a t  e s s e n t i a l l y  the e n t i r e  popula t ion may be 
exposed."  The Bureau o f  Radiological  Health (U.S. Department o f  Heal th ,  Education 
and Welfare) e s t i m a tes  t h a t  by the e a r l y  1980s, every pregnant  woman wi l l  undergo 
a t  l e a s t  one ul t r asound  examination o f  the f e t u s .  C e r ta in ly  the sa le s  o f  
d i a g n o s t i c  u l t r asound  devices have been in c reas in g  rap id ly  over the l a s t  10 y e a r s ,  
and are p ro j e c t e d  to double between 1980 and 19836 . In a d d i t i o n ,  new techniques  
cont inue to be developed. U l t ra son ic  spec t roscopy ,  time delay spectrometry  and 
ho lographic  techniques  a l l  o f f e r  new p o te n t i a l  f o r  t h i s  a l ready expanding imaging 
modal i t y .



Most d iag n o s t i c  u l t rasound  equipment uses the pulse-echo measurement 
technique.  Hie t r a n s m i t t e r  i s  an e l e c t r o n i c  c i r c u i t  t h a t  produces a very s h o r t  
e l e c t r i c a l  pul se .  A c h a r a c t e r i s t i c  number o f  pulses  per second cause the 
p i e z o e l e c t r i c  c r y s t a l  to v ib ra te  a t  i t s  r esonan t  frequency and thus to genera te  
pulses  o f  u l t ra sound .  The re tu rn in g  echo i s  received  by the t r an sd u ce r  (u su a l ly  
the same p i e z o e l e c t r i c  c r y s t a l  as was used to  produce the t r a n s m i t t e d  u l t r asound  
p u l s e ) ,  the u l t r asound  wave energy causing a mechanical d i s t o r t i o n  in the c ry s t a l  
and generat ing  an e l e c t r i c a l  impulse or  s i g n a l .  This e l e c t r i c a l  s ignal  i s  
processed by anotiier e l e c t r o n i c  c i r c u i t ,  c a l l e d  the  r e c e i v e r ,  which a m p l i f i e s ,  
r e c t i f i e s  and demodulates the  e l e c t r i c a l  echo s i g n a l .  The r e s u l t a n t  s ignal  i s  
then displayed on the  A-mode d isplay  ( o s c i l l o s c o p e ) .

The A-rnode (ampli tude modula t ion) ,  i s  the o l d e s t  and s imples t  method of  
d is p laying pulse-echo info rmat ion.  The ho r iz on ta l  axis  on the d is p la y  rep re sen t s  
time o r  depth i n to  the p a t i e n t ,  the v e r t i c a l  axis  r e p re se n t s  the  logar i thm o f  the 
echo ampli tude.  A-mode d isp la ys  are used mainly fo r  echo-encephalography, s o f t -  
t i s s u e  biopsy and some ophthalmologic  examinat ions .

All o the r  pulse-echo di sp lays  are based on the B-Mode (Brightness  modula tion) .
In B-mode a small c r o s s - s e c t i o n  o f  the p a t i e n t  i s  d isp layed on the s c r ee n ,  the 
b r ig h t n e s s ,  or  shade o f  gray,  r ep re sen t ing  the ampli tude of  the echoes .  This i s  
modified in the M-mode (t ime-motion mode), by a cons tan t  v e lo c i ty  sweep o f  the 
d isplay  to enable  the motion o f  moving r e f l e c t o r s  in the body to be measured. In 
the B-scari an a r t i c u l a t e d  arm is  a t t a ched  to  the t r a n s d u ce r  enab l in g  p o s i t io n  
and angula t ion to  be c ons tan t ly  monitored.  As the  t r a n s d u ce r  scans the 
p a t i e n t ,  the B-mode and p o s i t io n  informat ion enable a 2-dimensional image to be 
generated.  This i s  the  most f r equen t ly  used d i sp lay  today.  However more 
s o p h i s t i c a t e d  d is p la ys  have been developed.  One o f  these  r e l i e s  heav i ly  on 
t e l e v i s i o n  and scan conver te r  technology to produce a Grey-Scale,  which, as the 
name i n d i c a t e s ,  gives images where the echo amplitude s t r e n g th s  are d i sp layed  in 
shades o f  grey.  Another i s  the Real-Time Display,  which d isplays  images (g e n e ra l ly  
grey-sca le )  a t  r a t e s  up to  30 frames a second. Real-Time d isp lays  are in va luab le  
in c a rd iac  and f e t a l  moni tor ing s t u d i e s .

In addi t ion  to pulse-echo techniques  th e re  are many a p p l i c a t i o n s  fo r  continuous-  
wave (cw) beams o f  sound in d iagnos i s .  For example cw techniques  are useful fo r  
measuring the change in  frequency o f  the echo from t h a t  o f  the t r a n s m i t t e d  beam.
By use o f  the Doppler s h i f t  p r i n c i p l e  the v e lo c i ty  o f  the  r e f l e c t o r s  may be 
a sc e r t a in e d .  Hie t r a n s d u c e r  fo r  Doppler s t u d i e s  i s  made up o f  two c r y s t a l s ,  a 
t r a n s m i t t e r  and a r e c e iv e r .  The echo received  is  modulated by leakage from the 
t r a n s m i t t i n g  c r y s t a l  in the t r an s d u ce r .  The beat  frequency o f  these  two s ig n a l s  
i s  the  Doppler frequency.  The Doppler (beat )  frequency is  de tec ted  (by f i l t e r s ) ,  
am pl i f i ed ,  and usua l l y  made in to  an audible  sound. The highe r  the v e lo c i ty  o f  the 
r e f l e c t o r ,  the h ig he r  the p i t ch  (f requency) o f  the audible  sound produced.

The s i g n i f i c a n c e ,  or  c l i n i c a l  u s e f u ln e s s ,  o f  d i a g n o s t i c  a p p l i c a t io n s  o f  u l t r a 
sound has been summarized by Lyons7 as shown in Table 1. He iias graded the 
s ig n i f i c a n c e  o f  c l i n i c a l  usefulness  o f  d i a g n o s t i c  u l t r asound  procedures  as shown 
below:

Cl in ica l  S ig n i f ic ance

* Limited s ig n i f i c a n c e  
** Useful a n c i l l a r y  i n v e s t i g a t i o n  

*** Most e f f i c a c i o u s ,  non- invasive  examination 
**** Sole i n v e s t i g a t i v e  t o o l .
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Table 1. Diagnos tic  Ultrasound Examinations and t h e i r  C l in ica l  
S ign i f icance  with re spec t  to  Other Imaging Modal i t ies  
(adapted from Lyons7).

Body P a r t Organ Examination C l in ica l  S ign i f icance

Head Brain Midline dete rmination  
V en t r i c u la r  s ize  (newborn)

*
k k

Eyes Eyeball - ax ia l  length
-  fo re ign  body
- r e t i n a l  detachment
- mass e v a lu a t io n  

Orbit  -  p rop tos i s

k k

*
***
k k

*

Neck Thyroid Mass eva lua t ion  
Carot id  a r t e r y  
Potency eva lua t ion

**
*
k

Chest Heart P e r i c a r d i a l  e f fu s io n  
Valve i n v e s t i g a t i o n  
Wall eva lua t ion  (motion 

th ickness )
Chamber s i z e ,  function 
Tumour de tec t ion

k k k

k k k

k k k

k k k

***

Pleura l
space

Effus ion l o c a l i z a t i o n *

Breast Mass ev a lu a t io n *

Abdomen Liver ) 
Kidneys ) 
Pancreas)  
Spleen )

Evaluation s i z e ,  
parenchyma and 
a ss o c ia t ed  masses

***
***

***

B i l i a r y
Tract

Gallb ladder  s tone
d e tec t ion
Duct s ize

***

k k

Aorta Aneurysmal d i l a t i o n ***

Lymph
Nodes

Evaluat i  on k k

P e r i t o 
neal
space

Ascites  and abscess 
d e t e c t ion

-k-k-k

Pelv is Uterus
(pregnant)

Evaluat ion  -  fe tus
-  p lacen ta
- amnio t i c  c av i ty

•k-kkic

k k k k

k k k k

Uterus 
(non-preg- 
nant) 

Fa l lopian  
Ovaries 
Bladder 
P r o s t a t e  ) 
Scrotum )

Mass s i z e  de te rmination

Mass eva lua t ion  
Mass eva lua t ion  
Tumour assessment

Tumour de tec t ion

k k

k k k

k k k

k

k

Extremi t i e s A r t e r i e s  
and veins

Potency eva lua t ion k
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3.2 Therapy

Ultrasound therapy lias been used for  over 40 years in physiotherapy.  I t  
usual ly involves the app l ica t ion of a hand-held ul trasound t ransducer  to the 
injured area of a p a t i e n t ,  and t r e a t i n g  using e i t h e r  a continuous o r  pulsed 
beam. The t ransducer  head is  general ly  moved over the area of in ju ry  to obtain 
as uniform a t reatment  d i s t r i b u t io n  as poss ib le .  Coupling the t ransducer  to  
the t reatment  area may be achieved by8:

( i )  t r e a t in g  within a waterbath,
( i i )  holding the t ransducer  in contact  with ttie skin using a coupling 

medium (f i lm o f  mineral o i l ,  glycer ine or  aqueous gel) to exclude 
the a i r ,  or

( i i i )  appl icat ion through a w a t e r - f i l l e d  rubber or  p l a s t i c  balloon containing 
water.

Hie choice of coupling media appears to be important since the energy t ransmit ted  
by coupling agents in common use appears to vary9 , although Warren e t  a l 10 claim 
th a t  the difference in t ransmiss iv i ty  is  only about ±10%.

Hie object ive of  ul trasound therapy appears to  be to s t imulate  the blood flow 
within the injured region, which i t  appears to do e f f e c t i v e l y 11, and to provide 
deep heating to muscles and other  t i s s u e s .  Summer and P a t r i c k 8 claim th a t  the 
ef f i cacy of u l t r a son ic  therapy i s  achieved by four s p e c i f i c  e f f e c t s :

( i )  Thermal - a temperature r i se  within the t i s s u e  which is  proportional  
to the input  power and exposure time. Ultrasound seems to have the 
advantage t h a t  i t  i s  absorbed more in muscle than f a t t y  t i s s u e .

( i i )  Micromassage - caused by the mechanical reac t ions o f  the ultrasound 
in t i s s u e ,  such as compressions and d i l a t i o n s .

( i i i )  Volume reduction - as the ult rasound wave passes through the t i s sue  i t  
produces instantaneous small reduct ions in volume which are independent 
of  frequency but proport ional  to the i n t e n s i t y .

(iv) Motion and amplitude - pressure waves se t  up s t r e s s  pa t te rns  in t i s s u e ,  
producing reciprocal movement o f  c e l l s .

Lehmann e t  a l 12’ 13 point out t h a t  the main therapeu t ic  value o f  ul t rasound 
is  re la ted  to i t s  s e l e c t i v i t y  o f  absorption - in s o f t  t i s s u e  th i s  absorpt ion is 
d i r e c t ly  re la ted  to the pro tein content  o f  the t i s s u e 14. Lehmann e t  al claim 
th a t  the benef i t  o f  ul trasound as a therapeu t ic  agent is  t h a t  i t  heats s e l e c t i v e ly  
the areas t h a t  one requires  to  be heated,  including such areas as su p e r f i c i a l  
bone, scar  t i s sue  within so f t  t i s s u e ,  tendons and tendon sheaths ,  e t c .  Further ,  
tha t  the ultrasound may acce le ra te  the dif fus ion  process across biologic  
membranes, implying an increased ra te  o f  heal ing.

Although the b io logical  mechanisms o f  ult rasound therapy have not  received 
systematic in v e s t ig a t io n ,  i t  seems l i k e ly  t h a t  i t s  value l i e s  in the unique heat ing 
d i s t r ib u t io n  i t  provides.  There also appears to be some evidence for  low- in tensi ty  
ultrasound induced non-thermal e f f e c t s  which may be important in c e r t a in  physio
therapeu t ic  appl i ca t ions as the breakdown of  f ibrous adhesions at  the s i t e  of 
an operat ive i n c i s i o n 15’ 16.

I t  i s ,  however, very d i f f i c u l t  to assess the b ene f i t  o f  ultrasound therapy,  
as Roman17 found. 100 pa t ien t s  were t r e a t e d  or sham i r r a d i a t e d  for  lower back 
pain,  b u r s i t i s  of  the shoulder and myalgia. Sixty percent  o f  the pa t ien t s  
receiving ultrasound were categorized as good or  normal, but 72.1% of  the 
un ir rad ia ted  were in the same category.
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Therapy devices have recen tly been the subjec t  o f  extensive inves t iga t ions ,  
both in the United Sta tes and Canada18. A comnon conclusion o f  these surveys 
has been th a t  most ul trasound therapy devices were not  de l iver ing  the "dose" 
prescribed  for  the p a t i e n t s ,  e r ro rs  in measured/indicated acous t ic  output were 
found up to ±200%. This has led to federal regulat ions for  ul trasound therapy 
devices being proposed.

3.3 Surgery

Although ul trasound applica t ions in surgery are highly spec ia l ized ,  they 
cover a wide range o f  uses, including the following: the production o f  lesions 
in neurosurgery to a l t e r  the t i s sue  function a t  a s i t e  in the brain without  the 
d is rupt ion  of  in tervening t i s s u e 19, an u l t ra so n ic  d r i l l  for  cleaning blood 
ve s se l s20; the des truct ion and removal o f  blood c l o t s 21, g a l l s to n e s22 and 
kidney s tones23; a v ibrat ing scalpel  for  cu t t ing  biological  t i s sues ;  as an aid in 
bone welding24 and acupuncture25. A highly spec ia l ized  technique,  which has 
become routine in North America for  ocular  surgery is  the phaco-emul si fi cat ion 
and asp i ra t io n  technique for  the removal of  c a t a r a c t s 26. Basical ly  the u l t r a 
sound i s  applied through a hollow t i tanium needle,  the ul trasound breaks up the 
c a t a r a c t  and the broken pieces are sucked up through the needle.

However, probably the most successful  surgical  appl ica t ion  of  ul trasound 
has been in v e s t ib u la r  surgery for  Meniere's disease.  This disease i s  due to  a 
disorder  of  the v es t ibu la r  end organ which r e su l t s  in at tacks o f  vert igo o f  
varying durat ion and se v e r i ty .  Treatment involves su rg ica l ly  exposing the l a t e r a l  
semic i rcu la r  canal and d i r e c t ly  applying 3 MHz ultrasound for  about 20 minutes.
Hie ul trasound probe t i p  is  placed in contact  with the bone over the canal while 
normal sa l ine  flows continuously to provide good coupling. Clinical r e su l t s  
ind ica te  th a t  vert igo is  abolished in 75%-85% of p a t i e n t s 27.

3.4 Dental

The u l t ra son ic  d r i l l  was developed in the ea r ly  1960s but never rea l ly  gained 
acceptance in den t i s t ry  due to the in troduc tion of  the high speed rotary d r i l l .  
However, a number of  o ther  applica t ions of  ultrasound in de n t i s t ry  have been 
s t e a d i ly  growing28. These include:  cleaning and calculus removal, gingivectomy, 
root  canal reaming, orthodontic f i l i n g ,  amalgam packing and gold foi l  manipulation. 
Conventional techniques for  these tasks are f a i r l y  s a t i s f a c t o r y ,  but there i s  no 
doubt t h a t  the s i l ence  and ease of  the u l t ra son ic  method re l ieves  the pa t ien t  o f  
the s t r e s s  associated  with dental t rea tment.  F ros t29, in 1977, estimated th a t  
there may be as many as 100,000 u l t ra son ic  uni ts  used in U.S. dental of f ices  for  
sca l ing  o f  tee th  and periodontal care.  However, the cost of  th i s  equipment and 
the general lack o f  knowledge and t r a in in g  concerning i t s  use, have been 
responsible for  the sc a rc i ty  o f  u l t ra son ic  dental instruments in most other  
par ts  o f  the world.

The cav i ta t ion  e f f e c t  o f  ul trasound is  used in den t i s t ry  for  i t s  cleaning 
power which goes to work on the gums and tee th  and t h e i r  many interproximal 
c rev ices .  Addit iona lly ,  u l t ra son ic  massage o f  gingival  t i s sue  a s s i s t s  penetrat ion  
of  a n t i s e p t ic s  and other  medicines.
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3.5 Other Medical Applications

These include ul trasound atomizers30 (ae roso ls ,  nebul ize rs) ,  where 
high in te n s i ty  ult rasound is  beamed through a l iqu id  towards an a i r  in te r face  
producing a fine dense fog, and gas bubble detec t ion31 using Doppler ultrasound 
techniques.

4. Domestic Applicat ions

There are an ever increasing nurrber of  consumer-oriented devices being 
manufactured using ul t rasound.  Examples o f  these are quartz c locks,  garage 
door openers, T.V. channel s e l e c t o r s ,  remote con t ro l s ,  burg lar  alarms, dog 
w his t les ,  bi rd  and rodent scarers  and t r a f f i c  control devices.  A recent  
application is  use of  ultrasound for  range-finding on Polaroid cameras. In 
general ,  these appl icat ions  employ low i n t e n s i t i e s  and frequencies a t  the lower 
end of  the ul trasound range (20-100 kHz). Ultrasound, for  these app l ica t ions ,  
is usually propagated in the a i r ,  so t h a t  the beam is  rapidly a t t enuated  over 
shor t  dis tances .

5. Indust r ia l  and Commercial Applications

Industr ia l  and commercial appl icat ions of  ult rasound have been reviewed in 
a number of reports  32 5 33 9 3k. Generally these appl icat ions can be divided into 
two ca tegor ies ,  high and low power, depending on the power or i n t e n s i t y  leve ls  
involved. Applicat ions employing higher  powers generally re ly  on compound 
vibration-induced phenomena occurring in the objec t  or  material i r r a d i a t e d .
These phenomena include: cavi ta t ion and microstreaming in l iq u id s ,  heat ing and 
fat iguing in s o l i d s ,  and the induct ion of surface i n s t a b i l i t y  a t  l i q u i d - l i q u i d  
and l iquid-  gas in t e r f a c e s .  Some o f  the more common appl icat ions  o f  hi g h 
power ultrasound are shown in Table 2. This tab le  also provides a 
descr ipt ion of the app l ica t ion  and the ul trasound frequency and power or  in t e n s i t y  
range used, where these parameters are known. One notes t h a t  the most p rac t i ca l  
frequency range for  these appl ica t ions is  20-60 kHz. Most in d u s t r i a l  ultrasound 
is produced using e l e c t r o s t r i c t i v e  or magnetostric t ive t r ansducers33, where the 
elements change t h e i r  physical dimensions in response to an applied e l e c t r i c  or 
magnetic f i e l d .

Probably the o ldes t  indus t r ia l  appl ica t ion  is  cleaning via cav i ta t ion  and 
microstreaming mechanisms. Most cleaning tanks operate a t  i n t e n s i t i e s  up to 
10 W/cm2, although 2 W/cm2 is  more conmonly used. Frequencies are usually 
between 20-50 kHz. Substant ia l  noise level s  are produced by th i s  app l ica t ion  
due to the v io len t ly  cav i ta t ing  l iq u id .

P l a s t i c  welding has become popular in the l a s t  10-15 years ,  wiiere ultrasound 
i s  used in the assembly o f  toys,  appl iances ,  thermoplastic  pa r t s .  High 
frequency (above 20 kHz) vibrat ions at  i n t e n s i t i e s  o f  g rea te r  than 20 W/cm2 
produce s u f f i c i e n t  heat  to melt the p l a s t i c s  a t  the required loca t ions .  The 
pr inc ip le  advantages of  t h i s  method are speed, c l e a n l in e s s ,  ease o f  automation, and 
welds can be accomplished in normally inaccessib le  places .  An in t e r e s t i n g  recent  
appl icat ion is  the u l t ra son ic  sewing machine. Here woven or non-woven f ib res  
can be "sewn" together  without  thread.
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Table 2. Low Power Applica t ions  o f  Ul trasound in Indus t ry .  
Adapted from Lynnworth (32).

Appli c a t ion P r in c ip le Frequency

FI owmetry Determining flow ra t e s  fo r  
gases ,  l i q u id s  and s o l id s  - 
Doppler technique

1 - 1 0  MHz

E l a s t i c  P ro p e r t i e s Relat ing  speed of  sound to  
modes o f  p o l e r i z a t i o n

25 - 150 kHz

Thermometry Response to  temperature 
dependence o f  sound speed or  
a t t e n u a t io n

Up to 30 MHz

Thi ckness Timing round t r i p  i n t e r v a l  
o f  beam

2 - 1 0  MHz

Densi ty ,  Poros i ty Resonant and non-resonant  
probe tr ansmiss ion

—

Grain s i z e  of  
metals

Ultrasound a t t e n u a t io n few MHz

Pressure Frequency o f  quartz  c r y s t a l  
r e so n a to r  changes with 
applied  p ressure

0 . 5 - 1  MHz

Gas leaks Detect ion o f  u l t r a s o n ic  
"noi se"

36 - 44 kHz

Le vel Attenuation  o f  u l t rasound  
beam - pulse-echo technique

around 100 kHz

Counti ng Beam in t e r r u p t io n s  counted 40 kHz

Flaw d e tec t io n Observe d i s c o n t i n u i t i e s  in 
r e f l e c t e d  beam

25 kHz to
25 MHz (mW powers)

Delay l i n e s Transform e l e c t r i c  s igna l  
i n to  u l t rasound  and back 
again a f t e r  u l t rasound  has 
t r a v e l l e d  a w e l l -d e f in e d  path.

-

Burgl a r  
Alarms

Ultrasound beamed in to  room 
and a c e r t a i n  level  o f  r e 
f l e c t e d  beam is  monitored.  
I f  t h i s  leve l  changes (with 
i n t r u d e r )  alarm sounds

1 8 - 5 0  kHz 
(mW powers)

Pes t  Control Frequency and i n t e n s i t y  o f  
u l t rasound  bothersome to  pest s  
- inaud ib le  t o  humans

1 8 - 5 0  kHz 
(mW powers)

Sonar Doppler method determines 
v e lo c i ty  o f  o b je c t

5 - 5 0  kHz

Acousti c 
Mi croscope

Observe phase s h i f t  and a t 
tenua t ion  o f  u l t rasound beam 
by the specimen.

Hundreds o f  MHz

-  13 -



Table 3.  I n d u s t r i a l  A p p l i c a t i o n s  o f  High Power Ul t ra so und .

A p p l i c a t i o n Des c r ip t i o n Frequency
kHz

Power o r  
I n t e n s i t y  Range

Cleaning and 
degreas ing

C a v i t a t e d  c le a n in g  
s o l u t i o n  sc rubs  p a r t s

18 -  100 Usual ly  below 
10 W/cm2 but  
up t o  100W power

So ld e r in g  and 
brai  s i  ng

Disp lacement  o f  ox ide  
f i l m  to acomplish 
bonding w i t h o u t  f l u x

Around 30 2 - 200 W/cm2

P l a s t i c  weld ing Welding s o f t  and 
r i g i d  p l a s t i c

20-G0 Usual ly  20 - 30 W/cm2 
bu t  power below 
1000W ou tp u t

Metal welding Welding s i m i l a r /  
d i s s i m i l a r  metal s

10-60 Up to  10,000 W/cm2

Machi ni ng Rotary machining,  
impact  g r in d in g  using 
a b r a s i v e  s l u r r y ,  
v i b r a t i o n  a s s i s t e d  
d r i l l i n g

Usual ly  20

E x t r a c t i o n E x t r a c t i n g  perfume, 
j u i c e s ,  chemica ls  from 
f l o w e r s ,  f r u i t s ,  
pi an ts

Around 20 About 500 W/cm2

Atomizat ion Fuel a to m iz a t io n  to 
improve combustion 
e f f i c i e n c y  and reduce 
p o l l u t i o n ;  a l s o  d i s p e r 
s i o n  o f  molten me ta l s

20 -  30 000 Up t o  800W

Emulsi f i c a t i o n ,  
d i s p e r s i o n ,  and 
homogenizat ion

Mixing and homogenizing 
o f  l i q u i d s ,  s l u r r i e s ,  
creams ' '

De foaming and 
degassi  ng

Se p a ra t i o n  o f  foam and 
gas from l i q u i d ,  reduc ing  
gas and foam co n te n t

Foaming o f  
beverages

Disp lac ing  a i r  by foarn in 
b o t t l e s  o r  c o n t a i n e r s  
p r i o r  to  capping

E l e c t r o p l a t i  ng In c re a se s  p l a t i n g  r a t e s  
and produces d e n s e r ,  
more uniform d e p o s i t

Around 27 30W

Eros ion C a v i t a t i o n  e r o s i o n  
t e s t i n g ,  d e b a r r i n g ,  
s t r i  ppi ng

Dryi ng Drying h e a t  s e n s i t i v e  
powders,  f o o d - s t u f f ,  
pharmaceut i  c a l s

Cut t i  ng Cu t t in g  small  ho le s  in  
ce r a m ic s ,  g l a s s  and 
semi-conductors

Around 20 About 150W
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Metal welding was in troduced  commercially in  the l a t e  1950s in the semi
conductor  i n d u s t ry  fo r  welding o r  microbonding min ia ture  conductors .  Hie 
process involves  r e l a t i v e l y  low tem pera tu res ,  u su a l ly  below the  melting p o in t  
o f  the metal .  The welding depends on u l t r a s o n i c  c lean in g .  The ul t rasound 
causes mutual abrasion  o f  the two surfaces  so t h a t  exposed p l a s t i c i z e d  or metal 
s u r faces  can be j o in e d  under p ressure  to  form a " s o l i d - s t a t e "  bond. For t h i s  
p rocess ,  very high power d e n s i t i e s  are needed a t  the welding t i p  - o f  the order  
o f  2000 W/cm2 a t  a frequency between 40-60 kHz.

Ultrasound s o ld e r in g ,  withou t  f lu x e s ,  has a l so  been c a r r i e d  out s ince the 
e a r l y  1950s. Cav i ta t io n  in molten so ld e r  erodes the  su r face  o f  metal oxides 
and exposes the clean metal to the s o ld e r  so t h a t  s imultaneous clean ing and 
t in n in g  o f  the metal can be e f f e c t e d .  The u l t r a s o n i c  i n t e n s i t i e s  used are up to 
100 W/cm2 a t  f r equenc ies  between 20-50 kHz.

Machining o f  metals  can be c a r r i e d  out  using an ab ras ive  s l u r r y  between the 
v ib r a t i n g  tool  and the workpiece.  Using a r o ta ry  machine and an ax ia l  u l t r a s o n i c  
v i b r a t i o n ,  one can machine using diamond impregnated core b i t s .

U l t r a so n ic  c a v i t a t i o n  provides  a more rap id  c u t t in g  ac t ion  fo r  water  
cooled core b i t s .  Typical ly  these devices ope ra te  a t  20 kHz.

In high power a p p l i c a t i o n s ,  the m a te r i a l s  being worked are phys ica l ly  changed. 
This i s  in  c o n t r a s t  to  low power a p p l i c a t i o n s  where the ul t r asound  i s  used to  
examine r a t h e r  than a l t e r  m a t e r i a l s .  In many cases ,  these  low power a p p l i c a t io n s  
involve fr equenc ies  in  the megahertz range as shown in Table 3.
App li ca t ions  not  shown in t h i s  t a b le  include  the de te rmina t ion o f  v i s c o s i ty  
t r a n s p o r t  p r o p e r t i e s ,  p o s i t io n  phase,  t h i c k n e s s ,  composi t ion,  an isot ropy  and 
t e x tu re  from s i z e ,  s t r e s s  and s t r a i n  e l a s t i c  p r o p e r t i e s ,  bubbles ,  p a r t i c l e  and 
leak d e t e c t i o n ,  n o n -d e s t ru c t iv e  t e s t i n g ,  a c o u s t i c  emis s ion ,  imaging and holography, 
and count ing via beam d i s r u p t io n .  Much o f  the equipment used in these a p p l i c a t io n s  
has i n t r u s i v e  u l t r a s o n i c  probes,  but n o n - in v a s iv e , e x t e r n a l l y  mounted t r ansduce rs  
are a lso  used involv ing  both pulsed and resonance techn iq ues .

6. Summary

Ultrasound devices  are now used in  many f i e l d s .  In r e c en t  y e a r s ,  with the 
g rea t  te chno log ica l  advances t h a t  have occur red ,  the re  has been s i g n i f i c a n t  growth 
in  the nurrtier and d i v e r s i t y  o f  u l t r asound  a p p l i c a t i o n s .  Figure 1 summarizes the 
v a r i e t y  o f  u l t rasound  devices  and a p p l i c a t io n s  in  use today ,  an impressive l i s t  
when cons ider ing  t h a t  the e a r l i e s t  recorded u l t rasound  source was invented l e s s  
than 100 year s  ago. Today the  f a s t e s t  growing ul t r asound ap p l i c a t io n  i s  t h a t  of  
d i a g n o s t i c  medicine, a l though u l t r asound  a p p l i c a t i o n s  cont inue to  inc rease  in 
numbers and usefu lness  in  many areas  o f  i n d u s t ry  and medicine.
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Figure 1.  U l t r a sound  A p p l i c a t i o n s  ( adap ted  from Reference 5 ) .
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TWO ONTARIO GENERATING STATIONS

*  t  
A. G. Taylor and J. G. To

O ntario  Hydro 
700 University Avenue 

Toronto, Ontario  M5G 1X6

ABSTRACT

A study of sound levels throughout two fossil fired generating 
sta t ions ,  and the  noise exposure to  s ta f f ,  was carr ied  out to  evaluate  
the noise hazard and to establish the re la tive  importance of various
equipment in the  noise doses incurred.

Ontario Hydro has carried out a study of sound levels and noise 
exposure levels in two of its thermal generating stations : Lakeview7 
an older station to the west of Toronto;and Nanticoke, a large modern 
thermal station on the shore of Lake Erie. The study was carried out 
jointly by the Health and Safety Division and the Power Equipment 
Department- with the two objectives of

(i) determining the levels of noise exposure in various job 
classifications, and

(ii) determining the equipment most responsible for the noise 
exposure, particularly with a view to the design of new 
stations.

The various workers and teams were accompanied on the job by junior 
engineers equipped with sound level meters, and the time spent in 
specific areas was noted as well as the sound levels there. At the 
same time a detailed sound level map was plotted for the whole station 
and sound pressure level spectra taken for locations where particular 
items of equipment were predominant.

Noise dosimeters were discarded after some initial attempts as these 
gave some rather erratic results and could not, of course, identify 
the source of noise causing the exposure to a quite mobile worker.

The major conclusions of the study are that mechanical maintenance staff 
had the highest noise dose and that the doses at Lakeviewwere higher 
than at Nanticoke. Most of the exposure is the result of working on 
the ground floor of the Station. Noise from the motor driven boiler 
feed pumps at Lakeview was a major contributing factor to employee

+
M. Eng., P. Lng., Supervising Design Engineer; B.A.Sc., P. Eng.,
Supervising Safety  Specialist
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noise dose. Although the steam turbine driven boiler feed pumps at 
Nanticoke are noisy (see map) they are located on a less travelled 
mezzanine floor.

It would require a reduction of approximately 7 dBA on the ground floor 
at Lakeview and 5 dBA at Nanticoke to result in a noise dose lower than 
85 dBA for an 8h equivalent shift (OSHA system) without hearing protec
tion .

The centrepiece of the Generation Station, the Turbine Hall, does not 
produce a major contribution to noise exposure. Most exposure here is 
to maintenance staff when working on a "down" unit while the others 
are still running. Sound levels are in the mid and upper 80's dBA 
around the down unit. The turbine halls are extremely reverberent :
2-4 dBA variation throughout. Acoustical treatment of the walls as 
has been done in Belgium and the US is being considered for future 
stations with a view to reducing the exposure obtained here rather than 
enclosing the turbine generator set, which is extremely costly and 
rather impractical.

Noise-thermal enclosures are planned for future boiler feed pumps and 
wrappings for the very large boiler fans and ductwork to reduce noise 
exposure on the ground floor. New coal pulverizers are expected to be 
about 7 dBA quieter than the ones measured here. Sound level criteria 
form part of the specifications for pumps and motors but to this date 
very little design effort has been expended by manufacturers to produce 
quiet pumps except for military application.

GROUND FLOOR BOILER HOUSE OPERATING FLOOR - TURBINE .HALL

(ONE UNIT OF EIGHT) *0NE UNIT 0F EIGHT)

Nanticoke Generating Station 
A-weighted sound levels: circled numbers at 1 m from 

machine surface outline, other numbers at shown locations; 
microphone height at all locations} 1.2 rr.
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E F F E C T  OF  S T O P L I G H T S  ON 
T R A F F I C  N O I S E

R. E. Halliwell

National Research Council of Canada 
Division of Building Research 

O ttawa, Ontario  Kl A 0R6

ABSTRACT

A study was undertaken to determ ine how the noise level due to  f ree -  
flowing t ra f f ic  is a f fec ted  by the  insertion of a t r a f f ic  light. Field 
m easurem ents  were taken a t  eight d ifferen t t r a f f ic  light locations 
representing  two configurations; th a t  of two in tersecting  s tra ight 
roads, and a te e  junction. A re fe rence  level measured a t  a point 
where t r a f f ic  noise was unaffec ted  by the  in tersection  was used in 
conjunction with the NRC Traffic  Noise Prediction Model to assess 
the  change in noise level in the region about the t r a f f ic  light.

There are a fairly large number of mathematical models currently 

being used to prcdict the noise level produced by automobile and truck 

traffic. Most of these models are based on the assumption that the 

traffic is free flowing. This is a perfectly acceptable approach when 

considering freeway traffic, but it is generally not applicable to 

urban or suburban situations. In such environments vehicles are con

stantly accelerating and decelerating in response to traffic control 

signals. In this context, then, it is useful to consider the effect 

of stop signs and traffic lights on the noise level emitted by a line 

of otherwise free-flowing traffic.

The effect of a traffic light is not necessarily the same as that 

of a stop sign. A traffic light will cause some of the traffic to stop,
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but a stop sign forces all of the traffic to stop. As insufficient data 

have been gathered from sites with stop signs, this paper will address 

only the problem of traffic lights.

When selecting sites for this study, two basic requirements were 

set down: first, that the main road should be straight and fairly 

heavily travelled, and that the distance to any other interuption in 

the traffic flow be sufficiently far removed to permit a free-flow con

dition; second, that there should be no buildings or other reflecting 

surfaces in the vicinity of the intersection that could influence the 

measured levels. Eight intersections were selected for this initial 

study, including four different configurations as shown in Figure 1. 

Three sites were the intersections of two divided roadways, one was 

the intersection of two simple roads, three were tee intersections, of

I N T E R S E C T I O N  OF T W O  
D I V I D E D  R O A D W A Y S  
3 S I T E S

I N T E R S E C T I O N  OF  T W O  
S I M P L E  R O A D S  
1 S I T E

TEE I N T E R S E C T I O N  W I T H  
D I V I D E D  R O A D W A Y  
3 S I T E S

TEE I N T E R S E C T I O N  W I T H  
S I M P L E  R O A D S  
1 S I T E

D I S T A N C E  F R O M  I N T E R S E C T I O N ,  m

F I G U R E  1

I N T E R S E C T I O N  C O N F I G U R A T I O N S

F I G U R E  2

R E S I D U A L  A S  F U N C T I O N  OF  D I S T A N C E  F R O M  
I N T E R S E C T I O N  O N  A C C E L E R A T I N G  S I D E  OF  R O A D
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which the main road was a divided roadway, and one a tee intersection 

of simple roads. At all eight sites the main road was straight and 

level, although this was not always true of the second road. Fortunately 

the traffic on the second road was generally light, so that errors caused 

by the less than ideal conditions are expected to be small. At some of 

the sites not all of the second road was visible from all microphones.

This tended to be self-compensating because the microphone with the small

est angle of view was also located farthest from the intersection, so 

that any error due to this factor is minimized.

Data were collected using 6 dB 301 Metrologgers manufactured by 

Metrosonics Inc. These data loggers have a 1/4-in. ceramic microphone 

equipped with a windscreen, and meet ANSI SI.4 1971 type II specifica

tions. The A-weighted sound level is sampled four times per second; the 

equivalent sound level (Leq) is computed at the end of each minute and 

stored for subsequent readout. The data can be read out of each logger 

with the appropriate reader unit and the time history of the Leq printed 

out for 1-min intervals. At the end of each measurement period a cali

bration signal was included in the data set.

The microphones were positioned along the side of the main road of 

each intersection in a line stretching from the intersection to a point 

sufficiently distant for the sound level to be no longer influenced by

the intersection. This distance varied from 200 to 300 m depending on 

the particular intersection. The microphones were stationed 1.5 m 

above the ground and usually about 2 m from the edge of the pavement.

Measurements were usually made along both sides of the road and 

occasionally along the central median; for each microphone configuration
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four to eight measurement runs were made, each lasting 15 min, during 

which time the traffic density and the percentage of heavy vehicles were 

recorded.

The first step in analysis is to subtract from each measured level 

the level that would have been present had the traffic light not been 

there. The simplest way to accomplish this is to consider only the 

difference in equivalent level between microphones for any single 

measurement period. Unfortunately this approach has two inherent limi

tations: no allowance is made for differences in the distance of micro

phones from the road or variations in topography along the road, nor is 

any correction made for traffic on the intersecting road. These dif

ficulties were overcome by considering the residual, that is the difference 

between the measured level and a calculated level for each microphone 

rather than the differences between microphones. In this case the resi

dual is the difference between the measured level and the level calculated 

using the NRC Traffic Noise Prediction model.'*' This was done by assuming 

that the traffic on both the main road and the intersecting road was free 

flowing. The residuals, as a function of distance from the intersection, 

are shown in Figures 2 to 4 for measurements made on the accelerating 

and decelerating sides of the roadway and along the median. The solid 

lines are a least squares fit to the data.

The scatter in the data can be reduced somewhat by assuming that 

the residual at the microphone most distant from the intersection is 

zero. This is not an unreasonable assumption; the prediction model is 

based upon an average of many measurements so that measurements at any 

one site would be expected to deviate from the model because of topo

graphical variations, variations in pavement type, etc. This allows a 

more meaningful comparison of different intersections. Figures 5 to 7



RE
S 

I 
D

U
A

L 
(C

E
N

T
R

E
),

 
dB

show the same data as Figures 2 to 4, with this adjustment to remove 

variations that may be considered site specific. Again, the solid lines 

are the least square fit through the data.

Some trends are apparent. Figures 5 and 6 for the accelerating side 

and median show a clear trend towards higher levels closer to the inter

section, with this trend more marked for the accelerating side. The trend 

on the decelerating side (Figure 7) appears to be towards lower levels 

closer to the intersection, except in the first 40 to 50 m where the 

levels are higher than for the free-flow situation. More will be said 

of this feature later.

Aside from the distance to the intersection there are three other 

obvious parameters that may affect the sound level. These are the speed 

of the traffic, the percentage of heavy vehicles, and the timing of the 

light cycle. The eight cases selected for this study do not have suf

ficient variation in traffic speed or light cycle timing to allow any 

meaningful statement to be made with regard to these parameters.

D I S T A N C E  F R O M  I N T E R S E C T I O N ,  111 

F I G U R E  3

R E S I D U A L  A S  F U N C T I O N  OF D I S T A N C E  F R O M  
I N T E R S E C T I O N  A L O N G  M E D I A N  OF  R O A D

D I S T A N C E  F R O M  I N T E R S E C T I O N ,  m

F I G U R E  4

R E S I D U A L  A S  F U N C T I O N  OF D I S T A N C E  F R O M  
I N T E R S E C T I O N  ON  D E C E L E R A T I N G  S I D E  OF R O A D
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ENGINEER 
NOISE CONTROL
The Engineer-Noise Control Sections, is 

responsible for providing engineering con
sultation on noise control and for reviewing 
employers’ compliance plans to ensure all 
technologically feasible noise control 
measures have been considered. The 
incumbent is also involved in analyzing the 
results of detailed noise surveys in indus
trial operations and determining what noise 
control measures should be taken by the 
employer as well as for participating in 
seminars on noise control and noise 
measurement to employers, engineers, 
and W.C.B. staff.

Minimum qualification includes 
Bachelors Degree in Applied Science. 
Experience in acoustical engineering with 
expertise in industrial noise control is 
required. Applicant must be eligible for 
registration with the Association of 
Professional Engineers of British Columbia. 
An ability to communicate effectively and 
to manage a wide ranging portfolio of 
engineering projects is also required.

Some travel (approximately 20%) within 
British Columbia is required.

Salary range— $29,559-$35,239 
per annum.

NOISE CONTROL 
OFFICER

The Noise Control Officer is responsible 
for inspecting employers’ premises within 
British Columbia for excessive noise expo
sure. The incumbent’s duties include taking 
and interpreting measurements; writing 
remedial orders as deemed necessary; and 
providing advice and guidance to the 
public with respect to noise control and the 
noise abatement program.

Qualifications include completion of 
Grade 12, a technological diploma in a 
related discipline, plus 1 to 2 years related 
experience. Some travel in British Columbia 
is required.

Salary range— $22,191-$26,154 
per annum.

The Workers’ Compensation Board 
provides an excellent benefit package 
including comprehensive medical, dental 
and extended health, group life and 
superannuation plans.

Please submit detailed resume to: 
Employment Officer,
Workers’ Compensation Board 
5255 Heather Street 
Vancouver, B.C.
V5Z 3L8

WORKERS COmPENSATION
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Measurements were made over a wide range of the percentage of

heavy vehicles, and the residuals are plotted against this variable in 

Figures 8 to 10. No clear dependence on percentage of heavy vehicles 

is apparent, suggesting that, at least for the sites studied, this is 

not a necessary parameter for a good first estimate of the effect of 

traffic lights on noise level.

A consideration of the regression lines in Figures 5 to 7 suggests 

that there is an increase in noise level as traffic accelerates away 

from a stop and a decrease as it decelerates to a stop. On this basis 

a simple correction to the noise level was made as shown in Figure 11. 

This is a profile of the excess noise level as a function of distance 

from the intersection for each lane. When this correction is included 

in the calculated level and the resultant residuals are plotted as a 

function of distance the results are as shown in Figures 12 to 14. It 

is apparent that, although not a perfect fit, the regression lines show 

that the profile used does have the right features. The worst deviations 

are found on the decelerating side. This is an artifact of the simple 

model used, which takes the zero of distance to be at the centre of the 

intersection, not at the stop line. In actual fact cars usually decele

rate to the stop line and later accelerate through the intersection, 

shifting the profile centres from the centre of the intersection to the 

stop lines.

A model of this type was tested against the data and found to remove 

the apparent peak in the residual for distances less than 40 m on the 

decelerating side. The residual, however, still systematically deviated 

from zero for the decelerating side, and it is believed that further
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refinements of the model should wait until a larger data base has been 

established.

It appears that there is a small but measurable increase in noise 

level in the vicinity of traffic lights and that this increase can pro

bably be modelled in a simple manner.
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