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NOTICE BOARD 

INTER-NOISE 77

I n t e r - N o i s e  77, t he  s i x t h  in  a s e r i e s  o f  I n t e r n a t i o n a l  Con
f e r en c es  on Noise Control  Eng in ee r in g ,  w i l l  be he ld  on March 1 -3 ,  1977 
a t  t he  Swiss Federal  I n s t i t u t e  o f  Technology i n  Z u r i c h . The main theme 
o f  the  con fe r ence  w i l l  be Noise C o n t r o l : The E n g i n e e r ' s  R e s p o n s i b i l i t y . 
Co n t r i b u t ed  paper s  a re  welcome. A b s t r a c t s  of  about  500 words a r e  r e 
ques t ed  and they should  be i n fo rm a t i v e  r a t h e r  than d e s c r i p t i v e .  Persons  
i n t e n d in g  t o  p a r t i c i p a t e  in  I n t e r - N o i s e  77 o r  r e q u i r i n g  a d d i t i o n a l  i n 
format ion  should  w r i t e  to

I n t e r - N o i s e  77
ETH 8006
Zur i ch ,  Sw i t ze r l a nd

C A A MEETING

D e t a i l s  o f  t he  annual  meet ing and symposium to be held in  
Vancouver on October  6,  7 and 8 w i l l  be s e n t  to  the  membership by a 
s e p a r a t e  m a i l i n g .  I t  i s  planned to hold t h e  bus ine s s  p o r t i o n  o f  t he  
meet ing on t he  evening o f  Wednesday, October  6.  I tems o f  bus ine s s  
fo r  t h a t  meet ing should  be forwarded to  Bob Donato f o r  i n c l u s i o n  in  
the  agenda.  The minutes  o f  l a s t  y e a r ' s  meet ing were r e p o r t e d  in 
t h i s  n e w s l e t t e r  in  Volume 3, Number 4 (October ,  1975).

J u s t  a reminder  to send you r  a b s t r a c t s  to  Doug Whicker as 
soon as p o s s i b l e  so t h a t  t he  program can be f i n a l i z e d  and d e t a i l s  
s e n t  to  the  membership.  Doug's add re s s  i s

Barron and S t rachan  
3284 Heather  S t r e e t  
Vancouver,  B.C. V5Z 3K5
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THE SPEED OF SOUND IN WATER

by C.D. Maunse11 
A t l a n t i c  Oceanographic Laboratory 
Bedford I n s t i t u t e  of  Oceanography 

Dartmouth, N.S.

The in t r oduc t i on  of  the  echo sounder in to  rou t i ne  hydrographic 
survey ing,  rep lac ing  dependence on use of  the lead l i n e ,  produced a major 
change. I t  must be remembered t h a t  a sounder a c t u a l l y  r e g i s t e r s  a time 
in t e rv a l  and t h a t  the speed of  sound must be known to conver t  the time to 
depth.  The I n te rn a t i o n a l  Hydrographic Bureau resolved t h a t  1500 metres 
per second should be adopted as a s tandard  v e l o c i t y .  Most Canadian waters 
a re  cold enough t h a t  t h i s  causes an overest imate  and for  c a l i b r a t i o n  the 
value o f  1463 metres per second (800 fathoms per second) is f req ue n t ly  
used. Since f resh  water  has to have a temperature  of  14.2°C before  t h i s  
speed is  a t t a i n e d  most soundings in deep lakes wi l l  be overes t imated  with 
t h i s  c a l i b r a t i o n .

The v e lo c i t y  of  sound in water  depends upon tempera ture ,  con
c e n t r a t i o n  of  d i s so lved  c o n s t i t u e n t s  ( f o r  which s a l i n i t y  i s  the conven
t ion a l  qu a n t i ty  in oceanography) and pre ssu re .  The actual  value a t  a 
given lo ca t i o n  and time may be eva lua ted  by use of  one of  the fol lowing 
procedures :

(1) A "bar check" by which the echo from a r e f l e c t o r  lowered to
a known depth i s  observed.  This i s  convenient ly c a r r i e d  out  in shallow 
water  with low c u r r e n t s ,  gives a mean v e l o c i t y  to the observed depth and 
s imul taneously checks the c a l i b r a t i o n  of  the sounder.  I t  i s  not  too useful 
i f  the bottom soundings become very d i f f e r e n t  from the check value because 
the average v e l o c i t y  is  l i k e l y  to change with depth.

(2) Di r ec t  measurement o f  the sound v e l o c i t y  as a func t ion  of  depth.  
The ap p ro p r i a te  mean v e l o c i t y  must then be c a l c u l a t e d .  This procedure 
can be time consuming in deep water  and one must be s a t i s f i e d  t h a t  the 
ve locimeter  has been acc u ra te ly  c a l i b r a t e d .

(3) Reference to f i l e s  of  oceanographic or  l imnological  s t a t i o n  
data observed in the same area a t  a s i m i l a r  t ime of  year .  The sound ve lo 
c i t y  i s  then found by re fe rence  to t a b le s  or  use of  an ap p ro p r i a te  formula.

Early t a b le s  (up to 1939) were based on c a l c u l a t i o n  from labo 
r a t o r y  measurements o f  c o m p r e s s ib i l i ty  and a dd i t i on a l  thermodynamic da ta .  
Matthews' t a b l e s  proved e s p e c i a l l y  convenient  s ince  in add i t ion  to  t a b le s  
enabl ing  c a l c u l a t i o n  o f  in s i t u  v e l o c i t i e s  he divided the oceans in to 
oceanographical ly  s i m i l a r  a reas  and publ ished ta b le s  l i s t i n g  sounder 
c o r r e c t i  o n s .

Following the in t r oduc t io n  of  d i g i t a l  computers formulas were 
f i t t e d  to the  t a b u l a r  data to permit  l a rge  numbers o f  sound v e l o c i t i e s  to
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be r o u t i n e ly  c a l c u l a t e d .

By 1952 i t  had been shown t h a t  the near su r f ace  v e l o c i t i e s  
given by Matthews and s i m i l a r  ta b le s  were about 3 m/s too low. In 1960 
Wilson publ ished the f i r s t  measurements which included the  v a r i a t i o n  
with pres sure  to the values reached in the ocean depths .  His formulas 
were widely adopted by oceanographers ,  rep lac ing  the e a r l i e r  comput
a t io n  schemes. I t  i s  worth noting t h a t  in s p i t e  of the 3 m/s increase  
in nea r - su r f a ce  v e lo c i ty  from e a r l i e r  values the Wilson r e s u l t s  agree 
with the t a b l e s  fo r  pres sures  corresponding to depths of  2000 metres .

Over the next  decade there  a rose  some quest ions  about values 
from the Wilson equat ion .  Par t  of  t h i s  a rose  from the f a c t  t h a t  the 
observa t ions  used by Wilson in developing his  equat ion included combin
a t i ons  of  tempera ture ,  s a l i n i t y  and. pres sure  not  found in na tu re .  In 
a d d i t io n  i t  appeared t h a t  his  atmospheric pressure  values were high,  
perhaps as a r e s u l t  of  inadequate a b o l i t i o n  or c o r r e c t io n  of  systemat ic  
e r r o r s .  There was of  course no guarantee  t h a t  a d d i t io na l  systemat ic  
e r r o r s  were not  introduced a t  high p re s su re s .

A new program of  determining sound v e l o c i t i e s  over range of 
temperature ,  s a l i n i t y  and pressure  matching condi t ions  throughout  the 
oceans was engaged in by Del Grosso and Mader of  the Naval Research 
Laboratory,  Washington. Their  r e s u l t s  have been f i t t e d  to a new equat ion 
by Del Grosso which i s  a l so  va l i d  fo r  f resh  water .  Reca lcula t ion  of 
v e l o c i t i e s  for  a meridional  s ec t i on  of oceanographic s t a t i o n s  in deep 
water  gives v e l o c i t i e s  near  the su r f ace  0.2 m/s le s s  than Wilson with 
the d iscrepancy a t  g r e a t e r  depths i n c re a s in g ,  u n t i l  the  Del Grosso f o r 
mula gives v e l o c i t i e s  0.5 to 0.6 m/s l e s s  than the Wilson Formula. 
Recently Medwin has publ ished a much s impler  formula than Del Grosso' s 
which f o r  depths l e s s  than 1000 metres gives values in good agreement 
with those from the more complete formula.

An independent  s tudy of  the dependence of sound v e lo c i ty  on 
tempera ture ,  s a l i n i t y  and pres sure  is being c a r r i e d  out  by Kroebel and 
Mahrt of  the Univer s i ty  of  Kie l .  Their  p re l iminary  work, a t  atmospheric 
p re s s u re ,  in both f r esh  and sea water  agrees with t h a t  of  Del Grosso 
wi th in  a few cent ime t re s  per second. They have not y e t  repor ted  r e 
s u l t s  on p ressu re  dependence.

The e f f e c t  of  the changes in sound v e lo c i ty  formulas on echo 
sounding can be summarized as fo l lows .  In marine waters of  Canadian 
i n t e r e s t  Matthews gives c o r r e c t io n s  to raw depths read from a sounder 
c a l i b r a t e d  fo r  1463 m/s. As percentages of  the raw depth these  a re :

approximate depth
200 m 3000 m 4800

Off Nova Scot ia 1.5% 1.7% - -

Off Labrador 0.5% 1.6% ■ - -

SE of  Grand Banks - - 2.3% 3.2%
Arct ic -1.5% 0.5% —

Near B.C. Coast 0.5% 1.5% —

P a c i f i c  Offshore — 1.7% —
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These a re  o f  s u f f i c i e n t  magnitude to  deserve  c o n s i d e r a t i o n .

Going from Matthews'  v e l o c i t i e s  to  those  o f  Wilson involves  a 
f u r t h e r  c o r r e c t i o n  i n c r e a s i n g  depths  by up to  0.2% of  t h e i r  va lue .  I t  
i s  p robably  not  worth ap p l y in g  such a m o d i f i c a t i o n  to  values  from the  
t a b l e s  because the  zone boundar i e s  as pub l i shed  do no t  e x a c t l y  d e s c r i b e  
the  oceanographic  c o n d i t i o n s .  The formula o f  Del Grosso p r e d i c t s  dep ths  
about  0.04% l e s s  than thos e  given by use o f  Wi l so n ' s  formula.

Use o f  the  modern sound v e l o c i t y  formulas  f o r  c o r r e c t i n g  
soundings  in a r e a s  wi th  adequa te  oceanographic  coverage  w i l l  g ive  b e t t e r  
e s t i m a t e s  o f  t r u e  dep th .  Great  c a r e  must be taken in combining o ld  and 
new soundings  to  avoid c o n to ur in g  in imaginary f e a t u r e s  a r i s i n g  s o l e l y  
from the  use o f  d i f f e r e n t  depth c o r r e c t i o n s .

Because ob l i qu e  p r opaga t ion  as i s  i nvolved  in s i d e  scan sonar
i s  a f f e c t e d  in a compl i ca t ed  manner by ray bending depending on the
g r a d i e n t  o f  v e l o c i t y  wi th  depth the  e f f e c t s  o f  the  d i f f e r e n t  formulas  
cannot  be e a s i l y  summarized.
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NOTE: P u r i s t s  may c a v i l  a t  t he  use o f  th e  word " v e l o c i t y "  to  d e s c r i b e  a 
s c a l a r  magni tude .  However i t  i s  t he  conven t iona l  use in underwater  a c o u s t i c s .

The above paper  was pu b l i she d  in "Lighthouse"  and i s  i nc luded  he re  wi th 
the  pe rmiss ion  o f  the  Canadian Hydr ogra ph i es 1 A s s o c i a t i o n .
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A NEW ACOUSTIC TEST FACILITY IN WESTERN CANADA PART A

THE FACILITY AND ITS JUSTIFICATION

E.H. Bo ls t ad  
P r e s i d e n t ,  B o l s t a d  Enginee r ing  A ss o c i a t e s  Ltd.

Box 5768, S t a t i o n  "L"
Edmonton, A lb e r t a  T6C 4G2

C r i t i c a l  t o  ou r  work in c o r r e c t i v e  a c o u s t i c s  and the  deve lop
ment o f  custom no i se  b a r r i e r s ,  e t c . ,  i s  t h e  need to  know how well  a p ro 
posed des ign  w i l l  a c t u a l l y  perform be fo re  l a r g e  e x p e n d i tu r e s  a r e  made.
In the  e a r l i e r  y e a r s  o f  our  p r a c t i c e  we used the  usual dev ices  o f  borrow
ing space in a gymnasium, shop,  o r  o t h e r  a v a i l a b l e  f a c i l i t y  to  conduct  
t e s t s  in c o n d i t i o n s  s im u l a t i n g  the  job s i t e .  The r e s u l t s  o f  cour se  had 
to  be judged in the  l i g h t  o f  known d e f i c i e n c i e s  in the  t e s t i n g  p rocedure .

I t  was a l s o  very ap p a r e n t  to  us t h a t  t h e r e  were a number of  
ma nu fac tu re r s  o f  b u i l d i n g  m a t e r i a l s ,  wall  sys t ems,  machinery and eq u ip 
ment,  e t c .  in Western Canada who were no t  ab le  to  p rov ide  adequa te  a c o u s t i c a l  
r a t i n g s  on t h e i r  p roduct s  because the  c o s t  and inconvenience  o f  t e s t i n g  
a t  d i s t a n t  l a b o r a t o r i e s  was p r o h i b i t i v e .

For t h e s e  r e a s o n s ,  we dec ided ,  in 1972,  to  s t a r t  c o n s t r u c t i o n  
o f  a f u l l  s c a l e  t e s t  l a b o r a t o r y .  A f t e r  c o n s i d e r a b l e  e v a l u a t i o n  i t  was 
dec ided t h a t  t he  f a c i l i t y  should  c o n s i s t  o f  two r e v e r b e r a t i o n  chambers,  
one of  11,000 cub ic  f e e t ,  t h e  o t h e r  8 ,000 cub ic  f e e t .  They would have 
a t e s t  opening between them to  a l low t e s t i n g  o f  wal l  t r a n s m i s s i o n  an d / o r  
the  i s o l a t i o n  o f  components o f  mechanical  sys t ems .

From an economic p o i n t  o f  view i t  was ap p a r e n t  t h a t  c o n s i d e r a b l e  
c o s t  cou ld  be saved by l o c a t i n g  the  l a b o r a t o r y  in the  c o u n t r y ,  t he reby  
avo i d in g  o r  a t  l e a s t  pos tpon ing  the  c o s t  o f  double s h e l l  c o n s t r u c t i o n ,  
s p r in g  mount ings ,  e t c .  We were s u c c e s s f u l  in o b t a i n i n g  a p l e a s a n t  coun t ry  
s e t t i n g ,  w i t h i n  a s h o r t  d i s t a n c e  o f  the  c i t y ,  wi th  an e x c e l l e n t  view of  
the  smog shrouded downtown c o r e .

As shown in Figure 1,  a f a i r l y  s imple l a y o u t  was developed,  wi th  
the two chambers ,  e s s e n t i a l l y  s e p a r a t e  b u i l d i n g s ,  on s e p a r a t e  founda
t i o n s ,  l o c a t e d  c l o s e  to  the s e r v i c e  workshop,  the  in s t r um en t  shop,  the  
co n t r o l  room and the  e n g i n e e r i n g  o f f i c e .

To accommodate l a r g e  t e s t  panel s  and equipment ,  both chambers 
have double  l e a f  do or s ,  6 f e e t  wide.  The l a r g e  chamber has a 10 f o o t  
high door  so t h a t  wal l  t e s t  specimens can be r o l l e d  i n t o  p l a ce .

To avoid  the  somewhat d eb a t a b le  d uc t  o r  tunnel  c o n d i t i o n  su r r oun d 
ing a t e s t  panel which i s  i n s e r t e d  in the  space between two t e s t  rooms, 
i t  was dec ided  to  b u i l d  the  chambers c l o s e  t o g e t h e r  and i n s e r t  t he  t e s t
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p a n e l s  i n  t h e  o p e n i n g  i n  one room in t h e  manner o f  a p l u g .  Thi s  o f  c o u r s e  
r e q u i r e d  t h e  de ve lo pm en t  o f  a g a n t r y ,  o r  l i f t i n g  f r a m e ,  which can h a n d le  
t h e  c o n s i d e r a b l e  w e i g h t  o f  t h e  p a n e l .  T e s t  wal l  p a n e l s  can be c o n s t r u c t e d  
in t h e  r emovable  s t e e l  f rame o r  in t h e  f i x e d  wooden f rame t o  s u i t  t h e  
t y p e  o f  m a t e r i a l  o r  t e s t  p r o c e d u r e .

When t h e  d e s i g n  o f  t h e  chambers  was f i r s t  b e i n g  c o n s i d e r e d ,  
much t h o u g h t  went  i n t o  t h e  methods t o  be used f o r  d i f f u s i o n  c o n t r o l  and 
mic rophone  s a m p l i n g .  From a l l  t h e  e v i d e n c e  a v a i l a b l e  in many i te ms  o f  
l i t e r a t u r e  and i n  d i s c u s s i o n s  w i t h  s e v e r a l  a u t h o r i t i e s  on t h e  s u b j e c t ,  
i t  was d e c i d e d  t o  f i r s t  o f  a l l  a d o p t  t h e  d i mens ion  r a t i o n s  o f  1 : V 2  : s/ 4  
f o r  t h e  o v e r a l l  s hape  and t o  use  r o t a t i n g  vanes  and a r o t a t i n g  mic rophone .  
Th is  seemed t o  o f f e r  t h e  p r i n c i p a l  a d v a n t a g e  o f  s i m p l i c i t y  o f  i n s t r u m e n t a 
t i o n  and s peed  o f  s a mp l i ng  d u r i n g  a t e s t .

A f t e r  c o n s i d e r a b l e  e x p e r i m e n t a t i o n ,  i t  was f i n a l l y  d e t e r m i n e d  
t h a t  t h e  o n l y  s a t i s f a c t o r y  power s o u r c e  f o r  d r i v i n g  t h e  microphone s ys tem 
would be o b t a i n e d  i f  i t  was l o c a t e d  o u t s i d e  t h e  room. Th is  had t h e  ob
v i o u s  b e n e f i t  o f  a l l o w i n g  us t o  d e ve l o p  a v er y  power fu l  u n i t  which c o u ld  
a l s o  o p e r a t e  t h e  vane s y s te m .  The power u n i t s ,  one f o r  each room, a r e  
l o c a t e d  in smal l  p e n t h o u s e s  on t h e  r o o f .

On r e c o n s i d e r i n g  t h e  vane s y s t e m ,  i t  o c c u r r e d  t o  us t h a t  t h e  
p r i n c i p a l  f u n c t i o n  o f  t h e  vanes  was t o  o f f e r  a c o n s t a n t l y  c h a n g i n g  room 
g e o me t ry ,  and t h a t  w h i l e  t h e r e  was c o n s i d e r a b l e  e x p e r i m e n t a l  e v i d e n c e  
t o  show t h a t  some vane sys tems  c o u l d  be s u p e r i o r  t o  o t h e r s ,  i t  was a l s o  
e v i d e n t  t h a t  as  l o n g  as  t h e  amount  and s i z e  o f  t h e  vanes  was s u f f i c i e n t l y  
l a r g e ,  t h e  d i f f e r e n c e s  between one s y s te m and a n o t h e r  would be o f  l i t t l e  
co n se qu e nc e  f o r  o u r  c l a s s  o f  work.

With a l i t t l e  i m a g i n a t i o n ,  a v e ry  s i m p l e  a r r a n g e m e n t  was worked 
o u t ,  u s i n g  s t a n d a r d  s i z e  s h e e t s  o f  plywood and a s y s t e m  o f  r o p e s ,  in a 
manner  o f  a n c i e n t  I n d i a n  Punkahs ,  t o  e f f e c t  t h e  n e c e s s a r y  movement.  The 
plywood s h e e t s ,  c u r v e d  t o  p r o v i d e  n e c e s s a r y  s t i f f n e s s ,  a r e  shown h ang ing  
a b o u t  t h e  room in F i g u r e  2.  The mic rophone  boom and c r a d l e  a r e  a l s o  shown. 
Thi s  form o f  swi ve l  c r a d l e  a l l o w s  t h e  microphone  t o  be c a r r i e d  in a f u l l  
c i r c l e ,  w i t h o u t  t w i s t i n g  o r  h a v in g  t o  use  s l i p  r i n g s  in t h e  c a b l e  c o n n e c t i o n .

One d i s t i n c t  a d v a n t a g e  o f  t h i s  s y s te m i s  t h a t  t h e  vanes  a r e  
e s s e n t i a l l y  d i s t r i b u t e d  a b o u t  t h e  p e r i m e t e r  and do n o t  occupy v a l u a b l e  
t e s t  s p a ce  in t h e  c e n t e r  o f  t h e  room, as  i s  t h e  c a s e  w i t h  many r o t a t i n g  
vane d e s i g n s .

The s i m p l e  c r a n k  arm and w r i s t  p i n  a r r a n g e m e n t  which d r i v e s  t h e  
microphone  boom and p u l l s  t h e  r o p e s  a t t a c h e d  t o  t h e  vanes  i s  shown in 
F i g u r e  3. The t r a n s m i s s i o n  s h a f t  coming t h r o u g h  t h e  r o o f  c a r r i e s  a V- 
b e l t  d r i v e  which o p e r a t e s  t h e  r o t a t i n g  mic r ophone  boom and a c r a n k  arm 
w i t h  w r i s t  p i n  which i s  gr ooved t o  ho l d  t h e  r o p e s  s e c u r e l y .

F i n a l l y ,  t h e  compl iment  o f  i n s t r u m e n t a t i o n  used in t h e  c o n t r o l
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room is shown in Figure 4 . At the upper l e f t  is  the noise generator and 
assoc ia ted 1/3 octave f i l t e r  se t .  Below tha t  is the measuring ampl i f ier  
and i t s  associated 1/3 octave f i l t e r  se t  which has a range of from 2 Hz 
to 200 K Hz. At the top of the equipment rack is  a patch panel for 
interconnect ion of the various components in var iable conf igurat ions .
The broadcast  qual i ty  recorder in the rack is  used primari ly for  playback 
of tapes which are recorded in the f i e ld  on our Nagra or Tandberg equip
ment. The small operator  panel below the tape recorder contains remote 
functional  switching,  ampl i f ie r  gain cont ro l ,  f i l t e r  s tepping,  reverbera
t ion pulsing,  e tc .  The s t r i p  char t  recorder is  located in a well in the 
opera tors '  desk, providing convenient operat ion and a wr i t ing surface 
under the s t r i p  char ts  as they leave the recorder .  Above the s t r i p  char t  
recorder  is the X-Y p l o t t e r  which is coupled to the s t r i p  char t  recorder  
to provide immediate display of analys is  curves on preprinted forms. 
Immediately above th-  X-Y p l o t t e r  is  the 1/3 octave f i l t e r  shaper.  In 
the rack and on the she l f  is  a monitor ampli f ie r  and speaker,  the s t a t i s t i c a l  
d i s t r i b u t i o n  analyzer ,  and power ampl if ie r .

Complimenting th is  equipment is a mobile instrument van, mobile 
power un i t ,  narrow band analyzer ,  beat frequency o s c i l l a t o r ,  portable 
sound level meters,  noise dose meters,  tape recorders ,  impact t e s t e r s ,  
audiometry equipment, and the usual t e s t  instruments associated with an 
e le c t ron ic  labora tory.

We are qui te  proud of the f a c i l i t y  which we have constructed and 
to demonstrate in a more rigorous manner t ha t  the rooms meet the technical  
requirements of a laboratory meant to be used in producing credib le  t e s t  
r e s u l t s ,  a se r i e s  of evaluat ion t e s t s  were conducted by Mr. Don Olynyk 
and Dr. Gary Faulkner. A summary of the r e s u l t s  of th i s  t e s t i n g  follows.
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A NEW ACOUSTIC TEST FACILITY IN WESTERN CANADA PART B

TECHNICAL EVALUATION

M.G. Faulkner 
Dept, of  Mechanical Engineering 

Unive rs i ty  of  Alberta  
Edmonton, Alber ta

and

D. Olynyk 
Acoust ic ian  

No. 22, 9740 - 62 S t r e e t  
Edmonton, Alberta

1.0 In t r oduct io n

A new acous t i c  t e s t  f a c i l i t y  has j u s t  been completed by Bolstad 
Engineering Assoc ia tes  Ltd. a t  6720 - 30 S t . ,  Edmonton, Alber ta .  The 
f a c i l i t y ,  c o n s i s t i n g  e s s e n t i a l l y  o f  a p a i r  of re v e rb e ra t io n  rooms with 
a s s o c ia t ed  e l e c t r o n i c  in s t rum en ta t ion ,  i s  the  f i r s t  f u l l  s ca le  acous t i ca l  
t e s t  f a c i l i t y  in Western Canada.

The purpose of  t h i s  a r t i c l e  i s  to de sc r ibe  the eva lua t i on  of  
t h i s  f a c i l i t y  f o r  making l ab o ra to ry  measurements of  sound abso rp t ion ,  
sound t ransmiss ion  loss  and sound power.

2.0 Descr ip t ion of  Test F a c i l i t y

The t e s t  f a c i l i t y  which has been descr ibed in the  preceeding 
a r t i c l e  (see Figure 1) c o n s i s t s  of two ad jo in in g  reve rb e ra t io n  rooms, 
which can be l inked  through a common opening. The la rg e  re v e rb e ra t io n  
room has i n t e r i o r  f l o o r  dimensions o f  28'4" x 22'4" with a he ight  of  
17'4" while the small rooms dimensions are  25'8" x 20'4" x 15 '4" .  Sus
pended randomly throughout  these  rooms are  d i f f u s i n g  devices  co n s i s t i n g  
of  s l i g h t l y  curved 4' x 8' x 3/8" th ic k  plywood panel s ,  the l a rge  room 
having e ig h t  while the smal le r  one has s i x .  A 9 '0"  wide x 8 '0 "  high 
t e s t  opening l i n k s  the two rooms to accommodate wal ls  fo r  t r ansmiss ion 
los s  measurements. When not  in use the  t e s t  opening is  sealed  with a 
f i l  1er plug wal1.

Both r ev e rb e ra t io n  rooms u t i l i z e  a s i m i l a r  microphone system. 
By means of  a r o t a t i n g  boom driven by the roof-mounted dr ive  system the 
microphone is  capable  of  t r a v e r s i n g  a c i r c l e  10 f e e t  in d iameter  in a 
plane in c l in ed  a t  5° with the h o r i z o n ta l .

The ins t rumenta t ion  used in conjunct ion with th ese  rooms is  
shown sche mat i ca l ly  in Figure 1. Normally one loudspeaker  assembly was 
used and i t  i s  p laced on the f l o o r  near  a t r i h e d r a l  co rner .
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3.0 Evaluation of  F a c i l i t y  fo r  Measurement of  Sound Absorption

The most important  s tandards  fo r  la b o ra to ry  measurement of  
sound absorp t ion  have come from the In te rn a t io n a l  Organizat ion fo r  
S tanda rd iza t ion  (ISO) and American Society fo r  Tes t ing and Mater ia ls  
(ASTM). Of i n t e r e s t  a re  the fol lowing documents:

(1) ISO Recommendation R354 (1963) "Measurement of  Absorption
C o e f f i c i e n t s  in a Reverberat ion Room"

(2) ASTM C423-66 (Reapproved 1972) "Standard Method of  Test
fo r  Sound Absorption of Acoustical  Mater ia ls  in Reverberat ion
Rooms".

Measurement of  sound absorp t ion  by t h i s  method is  based on 
rev e rb e ra t io n  theory ,  the key hypothesis  being t h a t  the sound f i e l d  must 
be d i f f u s e  and the room su rface  be t h e re fo re  exposed to an assembly of 
waves from a l l  angles  of  inc idence .  To achieve good d i f f u s io n  the 
s tandards agree q u i t e  c lo se ly  t h a t  c e r t a i n  condi t ions  must be met in 
c luding l i v e n e s s ,  s i ze  of  rooms, shape,  d i f f u s in g  devices  and p rec i s ion  
of  measurements.

To insure  l i v e n e s s ,  ISO recommends t h a t  the r eve rbe ra t ion  
times o f  the empty room should exceed c e r t a i n  va lu es ,  these values vary
ing with room volume as given below:

125 250 500 lk 2k 4k Hz ,
6 .0  6 .0  6.0 5.4 4.2 2.4 seconds fo r  310 cu.m. (10,963 f t  )
5 .4  5.4 5.4 4.9 3.8 2.2 seconds  f o r  226 cu.m. (8,000 f t 3 )

Measured reve rbe ra t ion  times fo r  the empty la rge  and small r e 
ve rbe ra t ion  rooms exceed ISO values a t  a l l  f r equenc ie s .  ASTM s p e c i f i e s  
t h i s  condi t ion  in another  way by s t a t i n g  t h a t  the average absorp t ion of  
the empty room sur faces  sha l l  be l e s s  than 0.06 a t  a l l  measuring f r e 
quencies .  In our case ,  the average absorp t ion  o f  empty room surfaces  
was found, a f t e r  ap p ro p r ia te  allowance fo r  a i r  abso rp t ion ,  to  be 0.02 
between 125 and 4000 Hz fo r  both chambers.

3
For room s i z e ,  ISO recommends a room volume l a r g e r  than 180 m 

(6357 f t3 )  and f u r t h e r  recommends, in the case o f  new c o n s t r u c t io n ,  
t h a t  the volume be as c lose  to  200 m3 (7,063 f t ^ )  as po s s ib le .  (This 
c r i t e r i a  is  met fo r  both rooms). ASTM s p e c i f i e s  t h a t  the sm a l l e s t  d i 
mension of  the room sha l l  be more than one wavelength,  X,  and p re fe rab ly  
more than two wavelengths of  the cen t re  frequency of the lowest one 
t h i r d  octave band a t  which measurements a re  to  be made. The sm al les t  
dimension corresponds to  one wavelength a t  65 Hz and 73.5 Hz f o r  the 
l a rge  and small r eve rbe ra t ion  rooms r e s p e c t iv e ly .  Corresponding f r e 
quencies  where the sm a l le s t  dimension i s  equ iva len t  to two wavelengths 
a re  130 and 147 Hz r e s p e c t iv e ly .

Another f a c t o r  t h a t  must be considered is  room shape. ISO
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specif ies that the shape o f the room shall be such that l max < 1.9 
where l max is the length of the greatest s t ra ig h t  l ine  which can f i t  
w ith in  the boundary of the room. Calculations show that th is  c r i te r io n  
is met fo r  both chambers. ASTM specif ies tha t the ra t io  of the largest 
to the smallest dimension shall be less than 2:1. The actual room d i 
mension ra t ios  in our case are w ith in th is  range and are 1.63:1.29:1 fo r 
the large chamber and 1.67:1.32:1 fo r the small chamber. This is f a i r l y  
close to the theore tica l ra t io  o f l : V 2 : 3/ 4  (1:1.26:1.59) commonly re 
ferred to in the l i t e r a tu r e . *

To insure a d if fuse f ie ld  ASTM recommends a number o f sound- 
re f le c t in g  panels hung or d is tr ibu ted  at random angles or kept moving 
presenting a room which con tinua lly  changes in shape. ISO on the other 
hand mentions only s ta t ic  d if fu s ing  panels. ASTM essent ia l ly  states 
that decay curves shall be independent o f  both microphone pos it ion , 
te s t  specimen posit ion and free of non-exponential i r r e g u la r i t ie s .  In 
general the decay curves became more exponential and smoother as the 
vanes and microphone were moving.

The number and precision of measurements is a fac to r worthy 
o f consideration. ISO indicates tha t each evaluation of a decay rate 
fo r  a given frequency band shall be based on at least 6 records, each 
under d i f fe re n t  varia tions in the sound f ie ld  as fa r  as loudspeaker 
pos it ion , microphone pos it ion , d i f fu se r  system configurations, etc.unless 
experience shows otherwise. ASTM recommends a group of measurements at 
each tes t  frequency the size o f  the group chosen to y ie ld  an absorption 
c o e f f ic ie n t  to a precision o f + 0.04 at 125 and 4000 Hz and + 0.02 a t a l l  
intermediate frequencies with confidence l im i ts  o f 90 percent. In addi
t io n ,  any decay curves with m ult ip le  slopes shall be excluded as both 
standards bring out. In tests made on an absorptive sample th is  precision 
was obtained by taking 8 to 10 decay curves fo r  the empty room and a 
s im i la r  number with the sample in place.

4.0 Evaluation o f F a c i l i t y  fo r  Measurement o f  Sound Transmission Loss

The most important standard on th is  continent fo r  laboratory 
measurement o f  sound transmission loss has come from ASTM and is e n t i t le d :

(1) ASTM E90-70, "Standard Recommended Practice fo r  Laboratory 
Measurements o f Airborne Sound Transmission Loss o f Building 
P ar t i t io ns " .

European practice is f a i r l y  s im i la r  to that of North American 
and is re f lec ted  in the fo llow ing ISO standard:

(1) ISO Recommendation R-140-1960, "F ie ld  and Laboratory Measure
ments o f Airborne and Impact Sound Transmission".

*Bo lt  (1947) "Normal Frequency Spacing S ta t is t ic s " ,  J. Acoust. Soc. Am.
19, 79.
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The condit ions for a d i f fuse  f i e l d  to be used for  sound t r a n s 
mission t e s t in g  are s im i la r  to those mentioned above for absorption 
measurements. The condit ions for room size  and shape as well as d i f fus ing  
are met or exceeded by th i s  f a c i l i t y .  As well the absorption c o e f f i c i e n t  
of the room walls are well below the spec i f ica t ion  of 0.06.

A fu r th e r  condit ion which must be met is th a t  of f lanking t r a n s 
mission.  ASTM recommends th a t  the sound power t ransmit ted  through the 
t e s t  s t ru c tu re  be a t  l e a s t  10 dB grea te r  than the power t ransmit ted by 
a l l  o ther  paths.  Flanking was inves tiga ted  experimentally by a se r ie s  
of measurements on subs tant ia l  walls in the t e s t  openings. Introduction 
of the avai lab le  plug wal l ,  normally used to seal the opening, yielded 
a value of the order of  STC 56. A dip occurring in the v ic in i ty  of 
2000 Hz i s ,  presumably, the r e s u l t  of  coincidence e f f e c t s .  A fu r the r  
t e s t  was ca r r ied  out on a "be t te r"  wall cons is t ing  of a combination plug 
wall - b a t t s  - double l e a f  p las terboard wall ;  th i s  resu l ted  in the sound 
i so la t io n  being boosted up to STC 65. According to the measurements to 
date i t  is  evident t h a t  the f a c i l i t y  is  capable of t e s t in g  walls up to 
a t  l e a s t  STC 55.

ASTM s ta te s  tha t  a s u f f i c i e n t  number of measurements shall  be 
taken to ensure t h a t  the mean value of the noise reduction is  known to 
within + 1 dB (90 percent confidence) except fo r  the lowest band for  
which the l im i t  shall  be + 2 dB. Similar ly  determination of the mean 
value of the receiving room absorption term (10 log A2) must be made to 
the same prec is ion .  The data accumulated so fa r  indica tes  t h a t  an 
averaging time or  f i l t e r  stepping time of a t  l e a s t  5 seconds should be 
used for one- th ird  octave ana lys is .  In t h i s  time in terva l  the microphone 
completes one-half  a revolut ion.  The precision for  the noise reduction 
was obtained by taking 9 to 10 se ts  of noise reduction measurements for 
one- th ird  octaves from 125 Hz to 500 Hz. Above 500 Hz, 5 se ts  of measure
ments were s u f f i c i e n t  to give the required prec is ion .  The precision of 
the receiving room absorption term was obtained with 4 to 5 decays for 
each one- th i rd  octave considered.

5.0 Evaluation of F a c i l i ty  for Measurement of Sound Power Level

A s t a t e - o f - t h e - a r t  standard for  the measurement of sound 
power level i s :

(1) American National Standard "Methods for the Determination 
of  Sound Power Levels of Small Sources in Reverberation 
Rooms" S I . 21-1972.

An attempt is  made to achieve a uniform energy density  within 
the room. Of the utmost importance is the volume of  the room, i t s  pro
por tions and i t s  absorption c o e f f i c i e n t .  Again the recommendations of 
ANSI are met or exceeded by these rooms.

A major fac to r  a f fec t ing  the q u a l i f i c a t io n  of a reverberat ion
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room f o r  sound power de te rmination  is  the unce r ta in ty  in the measure
ment of  mean square sound pressure  throughout the room. ANSI deals  with 
these  u n c e r t a i n t i e s  by spec i fy ing  the p rec i s ion  of  measurements in terms 
of  a maximum value f o r  s tandard  dev ia t ion  f o r  sound p ressu re .  For broad 
band measurements these  c r i t e r i a  are  not d i f f i c u l t  to meet.

In our c ase ,  a l im i ted  number of  measurements were c a r r i e d  out 
fo r  the purpose of  a sse ss in g  the t e s t  f a c i l i t y  f o r  sound power measure
ments. Room response to broad band e x c i t a t i o n  was determined by u t i l i z i n g  
a loudspeaker as the sound source and explo ring  the sound f i e l d  by s t a t i o n 
ary and r o t a t i n g  microphone. The maximum dev ia t ion  was found to be of  
the o rde r  of  1 or  2 dB throughout most of  the frequency range with some
what h igher s c a t t e r  a t  the lower f requenc ies .

6.0 Conclusion

The new a co u s t ic  t e s t  f a c i l i t y  by Bolstad Engineering Associates 
Ltd. has been designed with cons iderab le  thought .  In t roduct ion  of  novel 
moving d i f f u s e r s  and a r o t a t i n g  microphone system wil l  co n t r ib u te  toward 
making e f f i c i e n t  use of  the f a c i l i t y  fo r  commercial sound la bora to ry  
t e s t i n g  and research  purposes.

I t  i s  ev iden t  t h a t  the two re v e rb e ra t io n  rooms exceed minimum 
requirements fo r  measurements of  sound absorp tion  according to ASTM and 
ISO s tanda rds .  I t  would be d e s i r a b l e  to make i n t e r - l a b o r a t o r y  compari
sons on sound absorp t ion  c o e f f i c i e n t s  of  several  m a te r i a l s .  This would 
give a f u r t h e r  oppor tun i ty  to eva lua te  the e f f e c t i v e n e s s  of  the novel 
moving d i f f u s e r  system.

In regard to measurement of  sound transmiss ion  lo ss  the p a i r  
of  t e s t  chambers adequate ly  meet minimum requirements  given by ASTM.
From the data obta ined the f a c i l i t y  i s  capable of  measuring wall s  up 
to STC 55 and poss ib ly  h igher .

Both rev e rb e ra t io n  rooms of  the new t e s t  f a c i l i t y  s a t i s f y  
ANSI s tandards  fo r  measurement o f  sound power of  broad band sources.  
Fur ther  t e s t i n g  is  necessary  to q u a l i fy  the rooms fo r  narrow band and 
d i s c r e t e - f r e q u en c y  sources .

MONITOR

FIG. 1
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715 West  1 2 t h  S t r e e t  
Van co u v e r  , B.C.  V5Z 1M9

Doug l as  Whicker  
B a r r o n  and S t r a c h a n  
3284 H e a t h e r  S t r e e t  
V a n c o u v e r ,  B.C.  V5Z 3K5

D. Benwel l
H e a l t h  and W e l f a r e  Canada 
H e a l t h  P r o t e c t i o n  Branch  
R a d i a t i o n  P r o t e c t i o n  Bureau 
B r o o k f i e l d  Road 
O t t a w a ,  O n t a r i o  K1A 1 Cl

Graham J o n e s
O n t a r i o  M i n i s t r y  o f  T r a n s p o r t  
1201 Wi l s on  Avenue 
Downsview,  O n t a r i o  M3M 1J 8

WEST & NORTH

H. W. J o n e s  
D e p a r t m e n t  o f  P h y s i c s  
U n i v e r s i t y  o f  C a l g a r y  
C a l g a r y ,  A l b e r t a  T2N 1N4

E. H. B o l s t a d
B o l s t a d  E n g i n e e r i n g  A c o u s t i c s  L t d .  
P. 0.  Box 5768 ,  S t a t i o n  L 
Edmonton,  A l b e r t a  T6C 4G2

M. Campbel l
D e p a r t m e n t  o f  M i n e s ,  R e s o u r c e s  & 

E n v i r o n m e n t a l  Management  
1015 - 401 York Avenue 
Wi n n i p e g ,  Ma n i to b a  R3C 0P8

J .  D. Welch
F a c u l t y  o f  A r c h i t e c t u r e  
U n i v e r s i t y  o f  Ma n i to b a  
W i n n i p e g ,  Man i to b a

QUEBEC

A.C.  G e r v a i s
A.C.  G e r v a i s  A s s o c i a t e s
4003 D e c a r i e  B l vd .
M o n t r e a l , Quebec

MARmMES

J .  G. T i l l o t s o n
D e p a r t m e n t  o f  P h y s i c s
A c a d i a  U n i v e r s i t y
Wo l fv i l l e ,  Nova S c o t i a  BOP 1X0

L. T.  R u s s e l l
A t l a n t i c  I n d u s t r i a l  R e s e a r c h  I n s t .  
D e p a r t m e n t  o f  M e c h a n i c a l  E n g i n e e r i n g  
P. 0 .  Box 1 0 0 ,  N.S.  T e c h n i c a l  C o l l e g e  
H a i i f a x ,  Nova S c o t i a

CORRESPONDING EDITOR FOR NOISE/NEWS /  CORRESPONDANT DU NOISE/NEWS

T. E. S iddon
D e p a r t m e n t  o f  Me c ha n i c a l  E n g i n e e r i n g
U n i v e r s i t y  o f  B r i t i s h  Columbia
V a n c o u v e r ,  B. C. V5Z 1M9
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