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T h is  w o rk  is  an a ttem p t to  treat the  t id a l behavior o f coastal em baym ents in  such a 
w ay tha t the  observed changes in  e leva tion  and m o tio n  o f the w ater a long  the  path 
o f  the wave are used to  de term ine  the  d is tr ib u t io n  o f phase o f  the p f im a fy  and reflected waves 
a long  the channe l and to  measure the d a m p in g .

I t  m ay be sum m arized  as fo llo w s .

i °  O n the assum ption  th a t the  tides o f  em baym ents are the  resu ltants o f  a p rim a ry  
progressive wave and its  reflected coun te rpa rt, bo th  u n d e rg o in g  d a m p in g , the fo llo w in g  
equations are developed re la tin g  the  t id a l range , t im e  o f h ig h  w ater, t im e  o f s la ck  water, 
and phase d ifference o f the p r im a ry  and reflected waves a long  the  channe l, fo r g iven  coeffi
cients o f d a m p in g  i

In  a u n ifo rm  channe l the  e leva tion  o f  the  p r im a ry  wave is g ive n  b y  :

=  A  cos (cTt—  K x )  e ■

and th a t o f  the  reflected wave by  :

y)2 =  A  cos (cr t  +  K x )  e

where : A  is  the  a m p litu d e  o f  each o f  the  waves at the ba rrie r ; a the change in  
phase per u n it  o f t im e  ; t  the  t im e  m easured fro m  the  t im e  o f  h ig h  water at the 
b a rrie r w hen t  =  o ; K  [the change in  phase per u n it  o f distance ; and x  the  distance 
m easured fro m  the ba rrie r where x  — o ; ^  the d a m p in g  coe ffic ien t.

T he  e leva tion  o f  the  w ater at any t im e  and .place is  g ive n  b y  7) =  Y)x +  ^2*

87]
T hu s  the  t im e  o f h ig h  w ater is  deduced b y  e q u a llin g  to  zero —-------. W h ich  g ives :

o t

at =  tan  - 1 (_  tan  K x  tanh  jz x ) (1)rx

• 7J . . .
In  the  same w ay the ra tio  ----- o f the  e leva tion  at h ig h  w ater w i l l  be :

■̂0

-fiho =  \ / V { 2 K x  j  (2)

b e in g  the e leva tion  o f h ig h  w ater at the ba rrie r. Besides, tim es  o f s la ck  water 
p o in t m ay be fo u nd  b y  e q u a llin g  to  zero the  a d d itio n  U 2, o f  ve loc ities o f
o f the  p r im a ry  and reflected waves. W h ich  g ives :

-1  (  ta n h  tx X \
=  tan  \ ta n  K x  )  -  a (3)

. -1 ^  a =  tan

^0 
at any 
current

where

T he  tim es  o f  m a x im u m  cu rren t w i l l  precede or fo llo w  s la ck  w ater b y  one quarter 
o f  p e r io d  o f 900.
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2° These equations m ay be a p p lie d  to  n a rro w  em baym ents o f  s im p le  fo rm  in  w h ic h  
t id a l cu rren ts are no t ro ta to ry , p ro v id e d  i t  is  fu rth e r assumed th a t the  effect o f  ir re 
g u la rit ie s  in  the  cross section o f the  channe l is  m ere ly  to  a lte r the  v e lo c ity  o f p ropaga tion  
o f  the  p r im a ry  and  reflected waves ( i .  e. to  d is to rt the  geograph ica l d is tr ib u t io n  o f  phase 
d iffe rences) ; th a t d a m p in g  is  p ro p o rtio n a l to  the phase change in  the  p r im a ry  and reflected 
waves (fa th e r th a n  to  the d istance trave led ) ; and tha t the  d a m p in g  coe ffic ien t is  constant 
a lo n g  the  le n g th  o f  the channe l.

T h e  procedure  is  the  fo llo w in g .
F ro m  equations ( i ) ,  (2 ), (3 ), th ree nets o f  curves m ay be p lo tte d  sh o w in g  respec tive ly  

the  t im e  ang le  o f  h ig h  w ate r, the  ra tio  o f  h ig h  w ate r, and  the  t im e  ang le  o f  s la ck  
w ater w ith  respect to  phase d iffe rence K  x , fo r  d iffe ren t values o f  B y  c o m b in in g  the 
curves de fined  b y  (1) and (2 ), a g raph  is  constructed  in  w h ic h  the  observed variab les (ra tio  
o f  h ig h  w ate r e le va tio n , and the lo c a l t im e  ang le  o f  h ig h  w ate r) are represented by  
rec tangu la r co-o rd ina tes and the  desired p roperties  o f  the  p r im a ry  wave (phase re la tions 
and th e  co e ffic ie n t o f  d a m p in g ) are represented b y  a series o f curves. T h is  no rm o g ra m  
b e in g  in d e p en d e n t o f  the  actual d im ens ions  o f the  basin  and  p e rio d , i t  is  consequently  a 
s im p le  m a tte r to  p lo t  a series o f t id a l data g iv in g  e leva tion  and  tim e s  o f  h ig h  w ater on 
co -o rd ina te  systems s im ila r  to  th a t o f the  curves, and b y  superpos ing  the  curves to  de te rm ine  
w he the r a sa tis fac to ry  f it  can be ob ta ined .

In  an  e n tire ly  s im ila r  w ay the  equations (1) and (3) are co m b in e d  and  a g raph  ob ta ined  
in  w h ic h  the  lo c a l t im e  ang le  o f  h ig h  w ate r is  re la ted  to  th a t o f  s la ck  water.

T h is  p rocedure  is  a p p lie d  to  the  analysis o f L o n g  Is la n d  Sound, the  Bay o f  F u n d y  and 
the  Juan de Fuca-G eorg ia  Straits system .

A bs trac t o f  th e  ana lysis o f  the  L o n g  Is la n d  Sound system  appears hereunder.
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e best f i t  o f  the  data to  the  co -o rd ina te  system  is  ob ta ined  b y  assum ing  tha t re fle c tio n
fro m  a re g io n  e x te n d in g  fro m  E atons P o in t to  G len  Cove (S tations 30 —  32) w here 

the m ean t id a l range is  m a x im u m  at 7.2 to  7.4 fee t. O bservations in s id e  L o n g  Is la n d  Sound 
p roper, i . e .  fro m  — 700 cophase lin e  fa l l  c lo se ly  a lo n g  the  co-o rd ina te  fo r the  d a m p in g  
coe ffic ien t p  =  1.0 A n om a lous  increase in  range show n  in  stations 3, 6, 8, 9, 11，12 —
2, 4, 14, m ay be exp la in e d  b y  the ro ta tio n  o f  the  earth , and re fle c tio n  fro m  the coast 
betw een B lo c k  Is la n d  and N o  M a n ’s L and* T h e  co n d itio ns  west o f  G len  Cove ate also 
anom alous. T h e y  are e v id e n tly  due to  escape o f  w a te r fro m  the  Sound th ro u g h  the

T h e  d a m p in g  coe ffic ien t o f the system  is  about i .o ,  the ve lo c ity  o f the p r im a ry  
wave is  about 27 kn o ts . T h e  p roperties o f  th e  wave m ay be traced seaward th ro u g h  a phase 
d iffe tence  o f  io i ° .

30 T h e  th ree  analyses dea lt w ith  in d ic a te  th a t the assum p tion  u n d e r ly in g  the 
equations are s u ff ic ie n tly  v a lid  to  p e rm it th e  de ta ile d  d e sc rip tio n  o f  these systems in  te rm s 
o f the d is tr ib u t io n  o f  phase differences fo r  the  p r im a ry  and reflected  waves a lo n g  the channe l, 
the  v e lo c ity  o f  th e ir  p ro p a g a tio n , and the  co e ffic ie n t o f  d a m p in g .

40 T he  d a m p in g  coe ffic ien t o f  n a v ig a b le  em baym ents is  la rge , represen ting  an atte
n u a tion  o f  tw o -th ird s  o r m ore per cyc le .

50 T he  departures o f t id a l behav io r in  em baym ents fro m  the behav io r o f idea l s tand ing  
waves receive ra tio n a l and qu a n tita tive  in te rp re ta tio n .

6° T he  l im its  p laced  b y  d a m p in g  on  th e  aug m e n ta tio n  o f the  t id a l wave b y  resonance 
are q u a n tita tiv e ly  de fined .

70 I t  is  suggested tha t excep tiona l t id a l ranges observed in  such em baym ents as the  
Bay o f  F u n d y  are due to  tw o  o r m ore  stages in  a m p lif ic a tio n  b y  the  com b in e d  effects 
o f  re fle c tio n  and resonance in  systems successive ly  tr ib u ta ry  to  one ano ther and to  the ocean.
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