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THE SPEED OF SOUND IN WATER
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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



3

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 .


