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A BSTRACT

During late 1973 and early 1974 , current and temperature measure-
ments were made close to the sill of the W indward Passage between Cuba
and Hispaniola . In the course of ATlANTIS II Cruise 78 in November 1973
a b r i e f  b a t h y m e t r i c  su rvey  of the s i l l  area was carried out fo1low~d b y
the anchoring of two a r rays  of cur ren t  me te r s  and tempera ture  recorders .
Ily drographic s t a t i o n s  were occup ied in the  s i l l  region to d e t e r m i n e  the
temperature , salinity, oxygen and silicate characteristics of the water
column . During 1~~ORR Cruise 37 in Feb rua ry  and March 1974, additiona l
bathymetric and hydrographic station observations were made and the
current meters and temperature recorders were recovered . In this report ,
some of the basic data from the moored arrays are presented.

INTRODUCTI~~

From ear l y Novemb er  ] 5 s 7 to ear I~ - March  1974 , cu r r en t  and t empera tu re

measurements we re made in t h e  W indw~I rd P a s s a g e  h~- t ~:cen Cuba and H i s pan i o l a

c lose to the sill of the  r idge  s ep a r at i n g  the N o r t h  A t l a n t i c  Ocean from

the Cayman Bas in in the w e s t e r n  C a r i b b e a n  Sea . In the course of R/V

ATlANTIS II Cru i s~- 78 , a b at hyme tr i- - survi”- of the sill area was carried

out f o l l o w e d  b y the  anchoring of two moored arrays of vector averaging

current meters (VACM ’s) and ternpi rIture /prs -s~ ure ( T I P )  recorders on the

10th of November 1973. During this cruice , hydr ographic stations were

occupied in the sill area to determine the temperature , salinity, d issolved

oxygen and dissolved silicate characteristics of the water colutmi . In

February and March 1974 the R/V KNORR, on Cruise 37, operated in the

Windward Passage area and additional bath ymetric and hydr ographic observa-

tions were carried out. On 2 March, the current meters and temperature!

pressure recorders were recovered .

Listings of the hydrographic station data along with sectiona l

prof iles of the temperature , salinity, oxygen and silicate are given in

Metcalf , Stalcup and Zemanov u (1974). The results of the bathymetric

surveys are reported in Metcalf and Scalcup (1976). The bathymetric
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char t  of the area showing the loca t ions  of uhe moored ar r a y s  pr s e n t ed

here as F igure  1 is from th i s  l a t t e r  r e p o r t .  As shown in the chart ,

the s i l l  was found to be 1560 m in d e p t h , and the  cu r r en t  me te r s  were

anchored about 3.3 km apart very clos e to the  s i l l .  One array, f/5Q4 ,

was p laced in l53~ m of water very slight l y t o  t h e  w e s t  of t h e  s a d d le

p o i n t .  Th I .- o t her  was in 1543 m on the eastern s jd.- of the I t  I - p - s t

channe l  and s l i gh t l y on the  C a r i b be a n  s ide  of the r i d g e .

The i n s t r u men t s  wore a r r anged  i d e n t i - a l l v  in t he (‘:1) moored a r r a y s

as show n d iagranmia i~. a l i v  in F i~~u r 4 ’ 2 . \ i i  t h e  i n s t  r un t , - - t s  ~.‘e r t -  r e c ov er e d

and u sa b l e  r e s - or d s  w I - c - - oH i i n e - d  f o r  - t  1 I - - , s t  par t at the 1 :1 14- i n  i l l

cases .  Tab 1 1 g ives the det a  I Is  c o n s  - r n in g:hs -~~ e’s it jam , depths, and

qualit y of the re. ords from a 11 he in s t r un.~- uts . For t h i s  r e p o r t , the

da t a  rt - 5 ’rd~ h o - - 5 - b e en  c ot ap u t  I r — p r s - - ~- ss 1-d U S 1 ng  cc - 10 i ‘a -  v s imp i t -  pro-

grams to  demons t rat th - - - p and ~ 5ia ~~ -,- 
~‘ f b d~ ta , I 11 - 1 , 1  S I V

of f l o w  in t h e  passage and th 5- I n ’  l I - I  i’ . 1 1  r I -  , I t  l o n a a ip  e ~~ 1 0  t I l t

flow - I n d  the e~mpe r a t  or e r -~~~ I Ia

RE S ULT S

Progress i \ -  v s ’ c t s - r  d i ,n r,i-as I ’ r  - i l l  -~. urr - i i t :ae tt~rs - I r e  i - r I - s - f l I e d

in igu r l - 3. The v e c t  or s  of L i . -  t~~~o d - ~ p ( u r r l ’n t  m e L e r S  (~~
)
~ s - ~ Ird -

are shown .-man/4 t ing from .1 connnon or ig  in  r e p r e sen t  nr t h e  I i t t i  of

November 1073. The two re~ - ‘r ds show mai iv  basic similariti e s , the major

d i f f e r e m  e he fo g  tha t t h e -  i n f l o w  d I i ’ s  I fOfi at 0 5fl .‘
~ is a Imost  du . -  sou t h

‘5

w h i l e  t h a t  of - ~O 4  is , I b s ’ i l t  200 to he r i g h t  (200 ’  True)  . In F i g u r e  1 ,

it can be Seen t h a t  moor t n g  s:3Q!, is c l o s e  up .- lga i ns t  t h e  s lope ~‘n the

west side of the sill , and t h i s  may e f f e c t  t h I  d i r e c t i o n  t h e  i n f l o w  can

~ 
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take. The other deep current meter , being alongside a less ste-c- p slope

was in a current less restra ined by the topography . In both cases , the

outflow is directed towards about 035° . The major features such as the

gross changes in direction and speed are virtually identical in b o t h

deep records .

Comparing a n y t h i n g  bu t  the - m~~~or pa t  e m s  of  h s - s e  two in s t r u men t s

mus t be done w i t h  caut  ion - e s -a u s e  of in  i n t e r m i t t e n t  i- I c- c t r ’~’n ic ma i f u n c —

don which p lagued instrume- Il t ~ 5O44 . Dur ing  c e r t a i n  p e r i o d s of t ime

which  are i n d i c a t e d  b y b r a c k e t s  in F i gu r - ~~, t h e -  i n s  I r u m e - n t  was opera t ing

e r r a t i c a l ly, and on t h e  3 l t h  at  J a n u , sr v  i t  c e - ~~~ .-d  f u n  t i on i n g n t i r e ly

thus losing the  l a s r  31 d i ~-s of c u r r e n t  ~~~~~~ For those- p e r i o d s  of

e r r a t i c  behavior , t he  c o m p u t e r  p rogram c o lt  in ’i4 .-d 0 I~ u l a t i n g  p r o g r e s s i v e -

vec tors  on the b a s i s  a t  I i i . - l a s t  ‘ gae-d c’~1 H s - r v 0 t  ion . In a r e - s  ord marked

by f a i r l y l a r g e  n a t u r a l  f L U C  t i l - c t  i otis this sav ious iy has the pOt ent i,i l

fo r  introduc ing ma j or ~h . rca I i o n s  in  Il l-  d I d c r I ~~i . h ow . -
~ r , t h e- pa t  t e r n

as a whole  shows s u c h  a c o i s i s t ~ - i I  i s  s . ’ m h l i n c , -  t o  th a i of I n s t r u m en t

#5054 tha t  it was d e c i d e d t o  in c l u d e  t h e  m a t e r i a l  in  t h e  d i a g r i i a .  s a l t i n g

attention to t he p r ob I ei~t . . s L~~s he p. r i ’  tu invo ~~
- , - d ,

S h a l l o w  c u r r e n t  1:11. - I c r 0105 1 s o f t - -red i rom some k i n d  ~~~ i m a l t n n c t i o n

for the f i r s t  28 days I t  ~sis in p la~ , possibl y dut- to a b~~~t of weed

getting jaT mned in the’ r o t o r .  W h a t e v e r  the ’  0054 , i t  s p o n t a n e o u s l y

c leared i t s e l f  b y t h e  10th of D ec em b er .  In the- p r o g r e s s i v e  v e c t o r

d iagram , the two sha I low r , - c e . r d~ (e 504  I arid 0 ’3() ’, 1) ,I r e  show n w i t h  the 10th

of December as a common p o i n t .  f’ r - :a t h a t  p o i n t  to the  end of the  records ,

the main events .~:a- ‘Je- r~ mu -h tb. same in both records.

~~~~-.. .~~~~~~~~~~~~ • 
—- - -- ~—g -
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The two s h a l l o w  records resemble  each o ther  in their grosser details

as do the two deeper ones . In genera l, events appearing ~is major changes

in the characteristics of the flow occur s imultaneously on all 4 of the

records. At both levels , the current at the west side (instruments 05041

and 4~5044) was directed somewha t to the  l e f t  of tha t on the - eas t  s ide  and

th i s  d i f f e re n c e  was more pronounc ed on the inf lowing c u r r e n t  than  on th e

out f iow ing cu r r en t , as is show n in Tab le 2 .

As is shown in F igure  3 , up u n t i l  the 4th  of January, the predominant

f low at both levels  at both  moorings waa into the’ Caribbean . The inflow

at the bottom was appreciably stranger than that 400 in above it.

On 4 January, a major change occurred in the gross pattern . At the

shallower depth , the predominant flow was out of the Caribbean until the

end of the re-cord , a l t h o u g h  after t h e  17th of January, the pattern again

changed appreciab ly . At the deeper leve l inflow and outflow alternated

irregularly after the 4th of January with neither being greatly predominant.

The most genera l statemt-nt tha t can be made is that over tile entire period

of approximatel y 112 days, outflow exceeded inflow at 1100 in, and in f l o w

exceeded o u t f l o w  a t  1500 in .

This  shows p a r t i c u l a r ly  c lear l y in the scatter d iagrams in Figure

4 A-D in which current speed is p lotted agains t direction of f low. Each

dot in the d iagrams represents the average speed and direction over a

period of an hour . In the records from the two shallow meters (0504 1 and

~‘505l , Fig ures 4 .- \ -B )  t h e  highest speeds are in the o u t f l o w  sec tors  - In

the cases of the deeper meters (#5044 and #5054, Figures 4 C and D) the

highest speeds as well as lv far the greatest concentrations of dots are

________ 

- - 
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TABLE 2

Ma jor flow directions in the 4 current records.

S HALLO.4
#5041 (West) db5051 (East) Difference (E-W)

195° inflow 2100 15°
055° outflow 065° 10°

DEEP
05044 

~b 5054
180° i n f l o w  200° 20°
020° o u t f l o w  025° 5°

NOTE : These d i re c t i o n s  are only approximate , having been determined from the

progressive vector diagram (Figure 3) w i t h  a s t r a i g h t — e d g e  and protractor

and rounded off to t h e  nearest 5° of azimuth.

L - 
- - ~~~~~~~~~~
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in the i n f l o w  s e c to r .  The e f f e c t  of the r e s t r i c t  irig, i n f l ue n c e  1 th~-

s i d e s  of t h e  channe l a t  the g r e a t e r  d e p t h s  t s  r e f l e c t e d  in t i n  d i s t r i b u -

l ion of do ts  be tween  th e-  inf  low and out f l o w  se e  t o r s  . isa  the- case c i

p5054 a t  the  e a s t e r n  s i d e  of the channe l , a n a p p r e e  j ab  t e  f l - sw to th , w .-st

and n o r t h w e s t  is p o s s i b l e  whereas  t h i s  t ype  of f l o w  is b l o c k e d  b y the-

s te ep  w e s t er n  s lo pe - of t h e  c h a n n e l  in the  cas e -  of the  c u r r e nt  ms - s r  ( 5 5 - 3 ( 1 ! , !, )

moore d c los, t e ’  t h a t  s l o p e . A n o t h e r  pr e - S I - n i a t i o n of t h  - d U l e  i i i t - . c ~a s t  ion

is g i v e n  in  F i g u r e  5 A — D  I th  t he  c u r r e n t  i - sp s e-  d ta i - ~t t -d vs - 0 r ’ - c t ion in

a po l a r  p r o ) e e t i o n .

In F i g u r s -  ~3 A , hour ly a Ye- rag e - s of e i r r e n t  sp e c- cl  and t cnip. - r i t uc s - h a v e ’

h~~e ri p l o t  ted ‘ —s . t ime ’  f 5 s s -  t h e  s h a l low  i n s t r u i r s - n I  s i t  ! i e -  w s t e - r n  moor~ ng .

In  t h e -  c l u e - s ’ t he c u r r , - n t s , t he- sp. -e -d  is shown in I s - r n :  01 ~. - ‘ i t  i — S o u t h

,1U 1  -~,w— ~n f  Ia- . ) and }- i s t — g - s t  ( c r o s s —  h i u n s -  I )  compor : - n t s .  Piu s in

_ i ’ - .~ )lfl~
) l i S h t d  by  r a t - s t i n g ’ t h e -  d i r e - e - t i s ’n al  t i e - I d  in i i i .  - i r r -  I i ’  cc  c o r d s

t O  o l . y u I e -  t h e  v. c : lr s  a L  gin O w i t h  th m a j o r  flow cx ’ — - Tn e a c h  ca s t - ,

p o s i t i v e  d i r c - c t  i - _ sn r - . - p : . - n . r t s  O u t  I 1 e1\s’~ a nd n e g a t i v e -  r . 1 1 1  S i u t  low .

In the  cas . -  of t h e  c r o s s — , n a n n ,  I v e c t o r s , p o s i t  i V e  is t o  t h e  r - - h i  of

the  o u t  f l o w  d i r e c t i o n  and iu. — gr i t ive t o  t h c  l e f t  - t n l d d i t  i s - n , lb.- Omount

of r o t - c t  inn -~- a-; c i i  i nc  d p e r t  way t il r sugh e a c h  c s - c  _ ‘rd t o  ad i u s t  1 0  t h e

m , i r i~ e - d  • i l _ l i e _ i s  in  t h e -  c ’h a r i c t e - r  of th e - flow t h a t  o c c u r r e d  on A

ei d tha t sh:ow: e I .  ~sr I\ - in t h e -  p r o g r e s s i v e  yen t a r  d i a g r . e : - u -  (F  s e en 3).

The amount of rot ,et ion for t e c h  por t  ion of the c u r r e n t  r e t  ord is m d  i c at ed

in the  f i g u r e -  -

The h i gh deg r ee -  of v a r i a t  ion on th e -  h o u r l y  ave rages  is s t r i k i n g .

The very  p r o n o u n c e d  s e m i - d i u r n a l t ida l  s igna l is the  most  obv ious  pa t  t e r n

._
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s uperimposed on the  much longer i n f l o w - o u t f l o w  cy c l e  in t h e  case .~1 the

cur ren t  and on the  t e m p e ’r a t u r e  cyc l e ’ .

In o rder  to  r e - m o v s -  some of ti le - shor t  per iod  var  i ah i  I i t y  s u c h  as

the  t ida l s igna l , fu r  exa m p l e , t he’ data were  pu t  t h r o u g h  a ‘ low pass

f i l t e r ” ( S ch m i t z , 1974)  w h i c h  g i v e s , in e s sence , ,e r u n n i n g  av e  r age-  of

24 Su c c e s s  l v , -  hour Ia - : s v e - r , i g e - s  - T h i s  p roduces  the  g r e - a t  lv  s m o o t h e d

re- c o re ls  s low n i n  F i g u r e -  n B and a d i f f e r e n t  v i e w  of t h e  o v e r e  11 rc I i i  t i o n —

sh i p b e t w - - e n  t e m p e r a t u r e -  f l u e  t u a t i o n s  and th e -  c u r r e n t  is g a i n e d .

F i g u r e - s  7 , ~ and 9 show t h e -  same in f o r m a t i o n  fo r  h e-  o t h e r  c u r r e n t

m e t e r - ’ t e mpera  l u r e -  r e - c  o rd e r S e - I S  -

F i g u r e  10 shoi~s the-  t emp e r a t u r e  v s .  t ime p l o t s  of the int e rne d late

t e m p e r a t u r e  r~- s  or d e r s  w h i c h  were not  a c c o m p a n i e d  b y c u r r e n t  m e t e - r n .

At  te n t  ion m u s t  he ca l ied  to  the -  r eco rd  of i n s t r u m e n t  “5 1)4 3 (We ’s Ic -- r n

moor ing) the s q u a r e d — o f f  e t i - - c t  a t  th e  lower  t em p e r a t u r e -  r anges  s t e m s

from t h e  f a c t  t ha t the  i n s t r u m e n t  was a d j u s t e d  emprc epe - r  1-c’ a nd d i d  not

reco rd p o l e - n t  ia 1 t e m p e r s  l u r e s  be low about  4 . 180 C.

Ta i l l u s t r a t e’  f u r t h e r  t h e  r e l a t i o n s h i p b e t w e e n  the w a t e r  mov ement s

and t e m p e r a t u r e  f l u c t u s a t i5 -ns , h o u r l y  ave rages  of c u r r e n t  dir e - c t ion have

been p l u t , t e d  b y  co mpe l l e r  in a s c a t t e r  d i a g r a m  : e g . i  i n s t  c o r r e spond in g

h o u r l y  a v e - r a g ’ s of  p o t e n t i c  I temperature- . F igure 11 d e m o n s t ra  te s  t h i s

r e l a t i e e n s h i p  in t h r e e  s e - I s  of cu r r e n t  d i r e - c t  ion vs .  t e m p e r a t u r e  p l o t s .

(The .’ 4 t h  S e t  15  n e i l  i s , e i )  It- he -caus e -  of the  e a r l y f a i l u r e ’  of  t e m p e r a t u r e

recorder  05045 .)  In e a c h  s e t , heavy c o n c e n t r a t i o n s  of d o t s  mark t he-

m a j o r  i n f l o w  and outflow directions . However, the clear preelominane-e

of the i n f l o w  and o u t f l o w  characteristics of the  cur’ c-nt which is so

L - _________ 
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c learly shown in the progressive vector diagrams (Figure- 3) does not

appear  as clearl y here because in this representation o nly  the  d i r e c t i o n

is shown w i t h o u t  any  spe ed f a c t o r .  In o t h e r  word s , t he f a c t  t h a t  t h e -

g r e a t e s t  sp e e ds and t h , - r ’ - f o r ~- t he  g r e a t e s t  f l o w s are  in t h e  i n f l o w  and

o u t f l o w  d i r e c t i o n s  i s  I - a n t  in t h i s  d i a g r a m .  N e v e r t h e l e s s  some i n t e r e s t i n g

i n f o r m a t i o n  is r e- y e- a 1,-ui h’, t lie c u r r e n t  d i r e c t i o n / p o t i e - n t i a l  t e m p er a ’c u r e ’

re  l c i t i o n sh i p .

The two s h a l l o w  set s  of r e -cords  ( i ns t r u m e n t s  si504~~1’42 and - 5 0 5 l / ~~2 ,

F i g u r e  11 A - B  and C - D i s h o w  p a t t e r n s  c l o s e l y r e s e m b l i n g  each  o the r  b u t

g u i l e -  d i f f e r e n t  f r o m  the  p a t t e r n s  found  in the  d e e p e r  se t  ( i n s t r u m e n t s

~u 5 Q 5 4 / 5 s , , F igure ’  11 E — F 3 .  One n o t i c e - ab l e  f e a t u r e  in the- sh a l l o w  5~ ts is

t ha t  t.he t e n i p - - r a t u r e ’  r an g e  of  t h e  o u t t l o w i n g  c u r r e n t  is g r e a t e r  t h a n  tha t

c’t t he  1n e’~-: mg - - c l r r c n t  - This may be’ assoc ia ted  w i t h  the  f a c t  t h a t  a t

t - ij s  I e ’ve t , the  O s : t  I ~oas e x c e e d -e l  t u e  i n f  low d u r i n g  the n e a r l y f suj r months

of obse’ r v a t  ion as is siu owia c l c I r l y  in t h e -  p r o g r e s s i v e - c  c t o r d i a g r a m s

( F i gu re- 3) . The ‘xc e -ss  w e t  . - r  e x i t i n g  t h e  r a r i bb e a n  a t  t h i s  l e V i ove r

tha t e n t e r i n g  was drawn from both s l i g h t l y s h a l l o w e r  (wa rmer)  and

s l i g h t l y  deep e r (coo l e r )  ~e ’ve .:ls of th , - w a t e r  column .

T h e  d e e p  se t  of cc- -. ~e r d s  shows q u i t e - a d i f l e - r e ’nt pa t  t e r n .  In t h e

f i r s t  ~s la e- , h , -~ ause the channe l narrows near  I hit ’ bot tom , muc h less

c r o s s — -  ha nne l f ] - r ~- is s t - c - n .  Thu ma in d i f f e renc e ’ is t h a t  the  t em p e ’r a t u r e

of t he ou t  f l o w  is d is t in c  t i  y warme r t han  tha t elI the ’ inf law . Tb is

s e i g g e ’ s  ts  t h a t  the- s i t u u , e t j o n  is s m i  l , c r  t o  t h a t  s t  t he  J ung f e rn  S i l l

w h e n -  the ’  c,~ idc ’st i n c o m i n g  wat e ’ r f l o w s  t o  l ower  lev i -I s  a f t e r  pass ing

the  s i l l  so tha t w h e n  t he ’ - u i r r e ’n t  r , - v e- rs e ’s , t h i s  coo le r wat  e r  is not

- s— s--r~~~~*. . .  - ~~~~~~~~
— - - -- -
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m an - i ce d i n the  outf low. (St-c- St u r g e s  1970 , 1975 and S t e  icup, c i  1 ,

‘
~e 1975.)

A t  the  r i g h t  hand side of Figure 11 , the same data that made - up

the’ scatter d iagrams were  pes t through the “low pass f i lte’r ”, de-ser jbe-d

ear  I ier  as pr eeduc ing 24 hour running average ’s of the ’ h o u r  l v  ave raged

c l , t t c  . C o n ce n t r a t i o n s  ‘1 d s l t 5  a g a in  show the outflow and inflow

conditions . In these filtere d se’ts it c-an be’ seen much m o r e - s i e ’ uc r lv

than in the unfiltered sets tha t the- temperature- of the’ eu t flow bu s a

much highe- r range than is found in the inflow in the two shallow sets

of re -cords  ( F i g u r - - 11 A—B -end C—fl ) while ’ the oppas ite c ernd i t ions is

pr e ’se ’n l  j f l  t ile ’ deeper s - I  (Figure- 11 l-~— F) . In pass  i n g,  i t  is inte res t ing

te ’ note- tha t in the 24 hour running ave-rage’s , both the’ sha I low e u r r -n t

m e t e r s  show tha t ch e t u r n i n g  of t h e -  current t r a i n  i n f l o w  t o  t e e d  f low und

- k a Iwaa ’ s went  th roug h t h e -  511 q u s  d r an t  c u d  never t he  n o r t h w e s t  Ofle-

The- de - e ’p c cirr ent , on t h e  ot her hand , g e-ner s 1 In we-nt through the i~oi I

q u a d r a n t  and onl y Once- did i t  i ppe’ar Ice r o t  I t t ’  l l r o u i g  0 t h e -  son :  h , ’ , i u ~

quadrant . This is t h e  deep current m e t e r  on the east,-rn s ide of t h e -

channe l , and we f e e l  the ’  l o c a l  topogr aphy was respons i b l e ’  for  t h i s

f e a t u r e ’ . I t  should  he m ent  ioned t h a t t h i s  does not mt- in b e t  t h e  c l i rre- sit

ne ve r swung through the NW section in the shallow la y e rs or onl y t in e

through the’ SE sec to r  in the  deep l ay e r .  I t  s imp ly means t h a t  w iu e 1 , - v , - r

the  c u r r e n t  swung through those s e ct o r s  i t  did so r e - l a t i v . -  lv rap id ly

so ti-cat it lIc e, s not reg is te -r in th~ 2i. hour running ,lvt -rag e-s

F i g u r e  12 shows t h e  ‘ ‘ i n f l o w — o u t f l o w ” a-c- c t  e er s  o f t l i e  two  sha I low

and one -  de - ep  s u r r e n t  r e -c o r e l  pl otted against potentia l t empe rature. To

— b - - - - -
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g e t  t h e -  c e - c  t o r s , t he- cu r re-nt  d i r e - c  l i o n  data  we- re -  r o t a t e d  - Th is ,‘uld

not b e-  don e as it was in F igures  6 t h ru  9 where the degree of rotul l ion

was changed part way through the’ record when the pattern of flow changed.

In F i g u r e ’  12 a mean r o t a t i o n  was used f o r  the ’  c-fl t ire- s e t of data in

each case .

In he- two sha 1 loan Se-Is of  e l a t e  (F  i g u r e ’  L A — B  and ( — D )  t h e  s e  i t  I t - r i n g

t if  de’ t ii at  first glance seems t o  he p r e t t Y  random . How e ’v , -r , i t  c a n  be S e e  n

t h a t  both the’ highest and th€- lowe-st  temperatures are found in t ! le -  o u t f lo w

(positive- I part of  t i l e  d i a g r a m .  Wh et-s the same data are f l i t -c d , this

feature- is g r e - a l l y  e - m p l e s  i zed  as is se- c -n in the’ r i-,i hi t hand st -I of c r s p s

in  F h u - . a I e -  I .’ .

In this t y p e -  e e f  r e - s e n t a  l i o n  the ’  di ffe’re-nce be’twe ’e-:i the- shut I low cm i

de ep  s e - I s  u s  :u it e strong lv evident . Figure-  12 F showing the- nof i l t e r , - d

e l a t e 0 1  i n f  i e e c - : — e l a t  f l ow v e c t o r s  c-s . potenti al te-mpe rus t ui re 1 0 1  t i l t -  ci ’ - ’  1’ Se I

a t  i t I st i u l I c e  i s t s , a d c- f i n _ I - - s i - ape- can h i-  S ’ - e f l  indic a ting th et on the- ev e -r a ge-

th e- inf l ow’ ( r e ’ - g e t i v e - ve- leecit, ’) is cold er tb-in t he’ ‘ e u i t f I o ~~~. F i l t e r i n g  the

d a t a  g r a d u c -ed  F i g u r - 12 F which shows tha t when the data are- ave-rage d ~‘a-~-r

~ n hours , th e - re ’  is a v e ry  c l o s e -  re l a t ionsh i p — coo l inflow/warm o u t f l ow ,

end t h u e  t the- ye -  r — ccc  d e - s  I I ,  u -u p e r a t  ure ’s a c c o m p a n y  the  h i g h e s t  j il l low ‘ e -  b c  it f e - s  -

T u e  s--ri ’ s ot diagrams pre-s -nte ’d as Figures 13 thru 18 shows the energy

ri o f both t h e -  curre nt and  t e  nipe-ra lu r e  ree- ords. The’ -omput- c program ,

is ing  t h e ’  F cu t i - o u r  e r T r a n s to r r n  A lgorithm (Singleton , I~~6Q~e is d e s c r i b e - d

h e - - - l a r h -  1 1  (P-i -
~~

) .  The ’ da L i  are- dc- alt w i t h  i n  such  a way t h a t  the- t ida l

( 1 e e d  h - 1 i e s r n a  I e n d  s e - m i — ’ I i e c r n a l )  ‘51 ( 1 ine rt jab periods are- i c- so lv e d .

In th e - ca se- a t  -ccli current meter record , the e nergy of the north—south

___  
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and east-west components are presented separately and i n  combination .

The directions have been rotated as described earlier so that the

north-south direction is aligned with the general outflow-inflow axis.

The diagrams will not be discussed ind ividuall y, but a few gen-

eralizations and comparisons can be made . In every case in both the

e-urrent and temperature records , the semi-diurna l and diurna l tidal

period s of about 12.5 and 25 hours respective ly are re-presented by

prominent energy peaks . Lesser distinct peaks at periods of 6 and 8

hours may represent harmonics of the- t ida l periods. In most hut not

all the diagrams , a distinct peak or a t  least a noticeable ’ “shoulder ”

in the curve is present at a period of 35 hours representing the

inertia l period for th is  area .

In the current records , the energy in the’ t ida l periods are

roughly an order of magni tude greater in the outflow-inflow direction

t han  in the cross channe l direction. The tidal energy is roughl y tht-

same in the shallow and deecp records , but the inertia l period is

definitel y more pronounced in the shallow than in the deep records.

For reasons we cannot exp lain one or more peaks or prominent

shoulders appear at periods between 50 and 100 hours in the shallow

eastern current records , and in the intermed iate eastern and deep

we-ste-rn tempe ’rature records. Two of these , shallow eastern curre’nt

meter (115051) and the deep Weste rn temperature recorder (#5045) were

short records , but the intermediate -astern temperature record was

full length and of good qualit y.

Some of the differences among the various sets of energy spectra
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are probab ly attributable to the fact that the records varied in length.

The method used produces greater smoothing in the longer records where’

a higher number of “pieces ” of the record were used in the averaging

process.
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FIGURE 5 “Polar Projection ” of the same data sets shown in Figure 4.
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