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I C  CONSTANT REDUCTIONS 

The purpose of t h e s e  r e d u c t i o n s  i s  t o  o b t a i n  from t h e  harmonic 
c o n s t a n t s  mean v a l u e s  of  t i d a l  q u a n t i t i e s  which depend upon t h e  times 
and h e i g h t s  of  h igh  and l o w  wa te r s .  The q u a n t i t i e s  u s u a l l y  sought  are 
t h e  mean and t r o p i c  h igh  and low ra te r  l u n i t i d a l  i n t e r v a l s  and v a r i o u s  
t i d a l  r anges  and i n e q u a l i t i e s .  While such q u a n t i t i e s  may be d e r i v e d  
d i r e c t l y  from t h e  high andlow water  t a b u l a t i o n s ,  t h e  method of o b t a i n -  
i n g  them from harmonic c o n s t a n t s  i s  u s u a l l y  less  l a b o r i o u s  and a f f o r d s  
more c o n s i s t e n t  r e s u l t s  because of t h e  e l i m i n a t i o n  of meteroroSogica1 
e f f e c t s  i n  t h e  p rocesses  o f  t h e  harmonic a n a l y s i s .  However, f o r  t h e  
primary t i d e  s t a t i o n s  where t h e  o b s e r v a t i o n s  cover  many y e a r s ,  t h e  re- 
s u l t s  o b t a i n e d  d i r e c t l y  from t h e  high and low water  t a b u l a t i o n s  a r e  
u s u a l l y  p r e f e r r e d  t o  t h o s e  from t h e  harmonic c o n s t a n t s  when t h e  l a t t e r  
a r e  based upon on ly  a few y e a r s  of  o b s e r v a t i o n s ,  a l though i n  g e n e r a l  
t h e  d i f f e r e n c e  i n t h e  r e s u l t s  may be n e g l i g i b l e  f o r  p r a c t i c a l  purposes .  

Ap;e of i n e q u a l i t i e s . - - T h e  t h r e e  p r i n c i p a l  i n e q u a l i t i e s  i n t h e  t i d e  
are due t o c h a n g e s i n  t h e  phase ,  p a r a l l a x ,  and d e c l i n a t i o n  of t h e  moon. 
In  each c a s e  t h e r e  is u s u a l l y  a l a g  of some hours .between t h e  time of 
t h e  a s t ronomica l  c o n d i t i o n  t e n d i n g  t o p r o d u c e  themaximum i n e q u a l i t y  and 
t h e  a c t u a l  maximum a s  i t  o c c u r s  i n  n a t u r e .  T h i s  l a g  i s  known as t h e  
age of  t h e  i n e q u a l i t y  and may be expres sed  i n  terms of t h e  t i d a l  con- 
s t a n t s .  

t h e  
new 

Phase age.--The phase i n e q u a l i t y  i s  man i fe s t ed  by a v a r i a t i o n  i n  
range of t i d e  which t e n d s  t o  i n c r e a s e  i n  approaching t h e  times of 
and f u l l  moon a n d t o  d e c r e a s e  i n  approaching t h e  q u a d r a t u r e s  of  t h e  

moon. When t h e  t i d e  i s  r e p r e s e n t e d  by i t s  harmonic c o n s t i t u e n t s ,  t h e  
maximum range due s o l e l y  t o  t h e  phase e f f e c t  o c c u r s  when M, and S, a r e  

. i n  phase agreement. The o r i g i n s  t o  which t h e  epochs of t h e s e  two con- 
s t i t u e n t s  a r e  r e f e r r e d  c o i n c i d e  a t  t h e  t imes of new and f u l l  moon and 
t h e i r  phase d i f f e r e n c e  a t  t h i s  time i s t h e r e f o r e  measured by t h e  d i f f e r -  
ence i n t h e i r . e p o c h s .  The phase age is  t h e  time r e q u i r e d  f o r  t h e s e  two 
c o n s t i t u e n t s  t o a r r i v e  a t a  phase agreement and can be o b t a i n e d  by d i v i -  
d i n g  t h e  d i f f e r e n c e  i n  t h e i r  epochs by t h e  d i f f e r e n c e  i n  t h e i r  speeds ,  
t h e  l a t t e r  be ing  g iven  i n  Tab le  2 of  Coast and Geodet ic  Survey S p e c i a l  
P u b l i c a t i o n  No. 98. The h o u r l y  epeed of S, exceeds t h a t  of M, by l . 0 l 6 O I  
t h e  r e c i p r o c a l  of which is 0.984. The r e q u i r e d  formula is a s  fo l lows .  

Phase age ( i n  hour s )  = 0.984 (Si - Mi) . . . . . . . (1) 

The above a s w e l l  a s  t he  two f o l l o w i n g  formulas  i s a p p l i c a b l e  r e g a r d l e s s  
of whether l o c a l  o r  Gfeenwich epochs a r e  used i n  t h e  computation. 

1 
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P a r a l l a x  age.--The p a r a l l a x  i n e q u a l i t y  r e s u l t s  from changes  i n  t h e  
moon’s d i s t a n c e  from t h e  e a r t h ,  t h e  r a n g e  o f  t i d e  t e n d i n g  t o  i n c r e a s e  a s  
t h e  moon approaches  i t s  p e r i g e e  and t o  d e c r e a s e  a s  i t  approaches  i t s  apogee. 
T h i s  i n e q u a l i t y  i s  r e p r e s e n t e d  p r i n c i p a l l y  by c o n s t i t u e n t  N,, t h e  o r i g i n  
o f  i t s  epoch c o i n c i d i n g  w i t h  t h a t  o f  M, when t h e  moon i s  i n  p e r i g e e .  The 
p a r a l l a x  age  i s  t h e r e f o r e  t h e  i n t e r v a l  r e q u i r e d  for c o n s t i t u e n t s  M ,  and N ,  
t o  a r r i v e  a t  p h a s e  agreement .  The r e c i p r o c a l  o f  t h e  d i f f e r e n c e  i n  t h e i r  
h o u r l y  s p e e d s  i s  1 .837 ,  and t h e  fo rmula  may be w r i t t e n -  

P a r e l l a x  age  ( i n  h o u r s )  = 1.837 (M; - Ni) . . . . . . ( 2 )  

D i u r n a l  age.--The d i u r n a l  i n e q u a l i t y  i s m a n i f e s t e d  c h i e f l y  by a d i f -  
f e r e n c e  i n  t h e  h e i g h t s o f t h e  two h i g h  w a t e r s  or o f  t h e  two low w a t e r s  o f  
e a c h  day and i s  caused  by t h e  p r e s e n c e  o f  a d i u r n a l  wave which i s  due t o  
t h e  d e c l i n a t i o n  o f  t h e  t i d e - p r o d u c i n g  body. Both t h e  moon and sun have  
a p a r t  i n  c r e a t i n g  t h i s  wave b u t  t h e  moon’s e f f e c t  u s u a l l y  p redomina te s .  
The d i u r n a l  wave v a r i e s  t h r o u g h o u t  t h e m o n t h  i n  a m p l i t u d e  and i n  i t s  phase  
r e l a t i o n  t o  t h e  s e m i d i u r n a l  wave. I t s  e f f e c t  on t h e  t i d e  a s  a whole i s  
g r e a t e s t  a t  t h e  t i m e  o f  t h e  t r o p i c  t i d e s  when t h e  a m p l i t u d e  i s  a t  a maximum 
b u t  t h e  h i g h  and low w a t e r s  a r e  u s u a l l y  a f f e c t e d  u n e q u a l l y  depend ing  upon 
t h e  p h a s e  r e l a t i o n  of t h e  two waves. 

The d i u r n a l  wave i s  r e p r e s e n t e d  p r i n c i p a l l y  by c o n s t i t u e n t s  K, and 0, 
which a r e  i n  p h a s e  agreement  when t h e  wave a t t a i n s  i t s  maximum ampl i tude .  
The epochs  o f  t h e s e  c o n s t i t u e n t s  have  a common o r i g i n  a t  t h e  t i m e s  o f  
maximum d e c l i n a t i o n  and t h e  d i u r n a l  age  i s  t h e  i n t e r v a l  r e q u i r e d  f o r  them 
t o  a r r i v e  a t  p h a s e  agreement .  The r e c i p r o c a l  o f  t h e  d i f f e r e n c e  i n  t h e i r  
h o u r l y  s p e e d s  b e i n g  0.911, t h e  fo rmula  f o r  t h e  age  may be  w r i t t e n -  

D i u r n a l  age  ( i n  h o u r s )  = 0 .911  (K; - 0;) . . . . . . ( 3 )  

Mean l u n i t i d a l  i n t e r v a l s .  - - I n  t h e  normal s e m i d i u r n a l  t i d e ,  !he h i g h  
wa te r  l u n i t i d a l  i n t e r v a l  i s  t h e  t ime  i n t e r v a l  be tween t h e  t r a n s i t  o f  t h e  
moon o v e r  a s p e c i f i e d  m e r i d i a n  and t h e  o c c u r r e n c e  o f  t h e  f o l l o w i n g  h i g h  
wa te r .  S i m i l a r l y ,  t h c  low w a t e r  l u n i t i d a l  i n t e r v a l  i s  t h e  e l a p s e d  t i m e  
be tween t h e  t r a n s i t  o f  t h e  moon and t h e  f o l l o w i n g  low w a t e r .  O r i g i n a l l y ,  
t h e s e  i n t e r v a l s  were reckoned from t h e  moon’s t r a n s i t s  o v e r  t h e  l o c a l  
m e r i d i a n  of t h e  p l a c e  o f  o b s e r v a t i o n ,  b u t  more r e c e n t l y  t h e  p r a c t i c e  i s  
b e i n g  adop ted  i n  t h e  C o a s t  and G e o d e t i c  Survey  t o  r e f e r  a l l  i n t e r v a l s  t o  
t h e  moon’s t r a n s i t s  o v e r  t h e  m e r i d i a n  o f  Greenwich ,  such  i n t e r v a l s  b e i n g  
d e s i g n a t e d  a s  Greenwich I n t e r v a l s  t o  d i s t i n g u i s h  them from t h e  l o c a l  
i n t e r v a l s .  

As c o n s t i t u e n t  M, i s  i n  g e n e r a l  t h e  p r e d o m i n a t i n g  e l emen t  i n  t h e  
s e m i d i u r n a l  t i d e  and i t s  epoch i s  r e f e r r e d  t o  p r a c t i c a l l y  t h e  same o r i g i n  
‘as  t h e  l u n i t i d a l  i n t e r v a l s ,  t h i s  epoch r educed  t o  t ime w i l l  c o r r e s p o n d  
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a p p r o x i m a t e l y  t o  t h e  mean h i g h  water i n t e r v a l  , l o c a l  or G r e e n w i c h  a c c o r d i n g  
t o  t h e  m e r i d i a n  t o  which  t h e  e p o c h  i + s e l f  i s  r e f e r r e d .  The  a p p r o x i m a t e  
h i g h  w a t e r  i n t e r v a l  i n  h o u r s  may t h e r e f o r e  b e  o b t a i n e d  by d i v i d i n g  t h e  
e p o c h  o f  M, by i t s  s p e e d ,  or more c o n v e n i e n t l y  by m u l t i p l y i n g  by t h e  
r e c i p r o c a l  o f  t h i s  s p e e d  which  i s  0.0345.  - T h e  c o r r e s p o n d i n g  a p p r o x i m a t e  
l o w  water i n t e r v a l  may b e  o b t a i n e d  by m u l t i p l y i n g  ( M i  f 180")  by  t h e  same 
f a c t o r .  

T h e  t imes o f  t h e  s e m i d i u r n a l  h i g h  a n d  l o w  waters  may b e  a c c e l e r a t e d  
or r e t a r d e d  by t h e  p r e s e n c e  o f  s h a l l o w  w a t e r  c o n s t i t u e n t s ,  t h e  p r i n c i p a l  
o n e s  b e i n g  t h e h a r m o n i c s  M, a n d  M,. The e q u a t i o n  .of a wave i n c l u d i n g  t h e  
p r i n c i p a l  l u n a r  c o n s t i t u e n t  a n d  t h e s e  two h a r m o n i c s  may b e  w r i t t e n -  

y = M, cos ( a t - M i )  t M ,  cos (Sat-M:) +M, c o s  ( 3 a t - M i )  . . . .  ( 4 )  

i n  which  g i s  t h e  s p e e d  of  M, a n d  4 i s  time r e c k o n e d  f r o m  t h e  same o r i g i n  
a s  t h e  c o n s t i t u e n t  epoch .  

T h e  t i m e  o r i g i n  may b e  c o n v e n i e n t l y  c h a n g e d  t o  c o i n c i d e  w i t h  t h e  
f i r s t  maximum v a l u e  o f  t h e  M, c o n s t i t u e n t ,  i n  w h i c h  case t h e  f o r m u l a  may 
b e  w r i t t e n -  

y = M, cos a t  +M, c o s  ( 2 a t  i- 2M;-M,O) + M, c o s  ( 3 a t  f 3Mi-MO,) . . ( 5 )  

For b r e v i t y  l e t  

P, = 2htf - M S .  . . . . . . . . . . . . . . .  ( 6 )  

P, - 3Mi - Mi . . . . . . . . . . . . . . . .  (7) - 

Then P, and  P ,  a re  r e s p e c t i v e l y  t h e p h a s e s  o f  c o n s t i t u e n t s  M, and M, cor- 
r e s p o n d i n g  t o  t h e  z e r o  p h a s e  o f  M,. The v a l u e s  f o r  P, and P, w i l l  b e  
i n d e p e n d e n t  o f  w h e t h e r  t h e  c o n s t i t u e n t  e p o c h s  h a v e  b e e n  r e f e r r e d  t o  t h e  
l oca l  or G r e e n w i c h  m e r i d i a n .  S u b s t i t u t i n g  t h e s e  s y m b o l s  i n  e q u a t i o n  ( 5 )  

y = M, cos .. t M, cos ( 2 a t  t P,)  t M, ... ( 3 a t  t P,) . . . .  (8) 
V a l u e s  f o r  

t h e  d e r i v e d  e q u a t i o n  
which  w i l l  r e n d e r y  a maximum or minimum must  s a t i s f y  

M, s i n  .. f 2M, s i n  ( 2 a t  t P,) f 3M, s i n  ( 3 a t  t P,) = 0 . . .  (9) 
R e f e r r i n g  t o  e q u a t i o n  (8), t h e  maximum or h i g h  water o f  t h e  M, c o n s t i t u e n t  
occurs  w h e n a t e q u a l s  0". a n d  theminimum or l o w  water when s e q u e l s  180'. 
L e t  t h e  a c c e l e r a t i o n s  d u e  t o  M, and M, b e  r e p r e s e n t e d  by  and  e fo r  t h e  
h i g h  and  low water r e s p e c t i v e l y ,  t h e s e  a c c e l e r a t i o n s  b e i n g  e x p r e s s e d  i n  
d e g r e e s  of t h e  s e m i d i u r n a l  c o n s t i t u e n t .  T h e n  f o r  t h e  maximum and minimum 
o f  t h e  compound wave, & e q u a l s  --y and ( 180°-y), r e s p e c t i v e l y .  S u b s t i t u t -  
i n g  t h e s e  i n  e q u a t i o n  ( 9 )  
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M, s i n  (-VI t 2M, s i n  (P4-2v) t 3M, s i n  (P6-3v) = 0 . . . . ( 1 0 )  

4, s i n  ( -w)  t 2M, s i n  (P4-2w) - 3M, s i n  (P6-3w) = 0 . . . . ( 1 1 )  

From (10)  

-M, s i n  v t 2M, s i n  P, c o s  2v -2M, c o s  P, s i n  2v 

t 3M, s i n  P, c o s  3v -3M, c o s  P, s i n  3v = 0 . . . . (12 )  

T r a n s p o s i n g  and d i v i d i n g  by cos  v 

2M, s i n  P, cos 2v t 3M 6 s i n  P, z g z  :v 

t a n  v = . . . . (13 )  

From (11)  i n  a s i m i l a r  manner 
c o s  3w - c o s  2w 

-2M, s i n  P, t 3M, s i n  P ,  cos 
. . . (14)  t a n  w = 

When t h e  a n g l e s  y and have sma l l  p o s i t i v e  or n e g a t i v e  v a l u e s  a s  i s  

u s u a l l y  t h e  c a s e ,  t h e  r a t i o s -  cos sin + sin ; e t c .  
c o s  2v c o s  3v s i n  2v s i n  3v 

are n e a r  u n i t y  and may be t a k e n  a s  such wi thou t  m a t e r i a l l y  a f f e c t i n g  
t h e  r e s u l t s .  Assuming u n i t y  f o r  t h e s e  r a t i o s ,  e q u a t i o n s  (13)  and (14)  
may be reduced t o  t h e  f o l l o w i n g  forms- 

%, s i n  P, +- 3M, s i n  P,  
M, t 4M, cos P, t 9M, c o s  P, 

t a n  v = . . . . . . ( 1 5 )  

-2M, s i n  P, t 3M, s i n  P, 
M, - 4M, c o s  P, t 9M, c o s  P, 

t a n  w = . . . . . . ( 1 6 )  
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Formulas (15) and (16)  have  h e r e t o f o r e  been t h e  b a s i s  f o r  o b t a i n i n g  t h e  
a c c e l e r a t i o n s  t h e  h i g h  and low w a t e r s  i n  t h e  computa t ion  o f  t h e  mean 
l u n i t i d a l  i n t e r v a l s .  They may b e  c o n s i d e r e d  a s  e s s e n t i a l l y  c o r r e c t  when 
t h e  a n g l e s  1 and w a r e  s m a l l ,  s a y  l e s s  t h a n  l o o ,  b u t  when t h e  a n g l e s  a r e  
l a r g e r ,  t h e  o m i s s i o n  o f  t h e  f a c t o r s  which were dropped  from fo rmulas  (13) 
and ( 1 4 )  may have  a m a t e r i a l  e f f e c t  on t h e  r e s u l t s .  

i n  

A c c e l e r a t i o n s  i n  M, due  t o  e i t h e r  M, or M, a c t i n g  a l o n e  may be  r e a d i l y  
c a l c u l a t e d  a s  f o l l o w s .  T a k i n g  t h e  ampl i tude  o f  M, a s  u n i t y  and l e t t i n g  
R, and R, r e p r e s e n t  t h e  r a t i o s  M,/M,  and M , / M ,  r e s p e c t i v e l y ,  and wi th  
o t h e r  symbols  a s  b e f o r e ,  t h e  e q u a t i o n  o f  t h e  compound wave c o n s i s t i n g  o f  
c o n s t i t u e n t s  M, and M, may be  w r i t t e n -  

y = c o s  a t  t R, c o s  ( 2 a t  t P,) . . . . . . . . . . .  ( 1 7 )  

and f o r  t h e  compound wave c o n s i s t i n g  o f  c o n s t i t u e n t s  M, and M, a s  

y = c o s  a t  t R ,  c o s  ( 3 a t  t P,) . . . . . . . . . . .  (18) 
t h e  t i m e  o r i g i n  i n  each  c a s e  b e i n g  t a k e n  a t  t h e  M, maximum. 

The s h a p e s  o f  t h e  compound waves r e p r e s e n t e d  by t h e  above e q u a t i o n s  
w i l l  be  a f f e c t e d  t o  a l a r g e  d e g r e e  by b o t h  a m p l i t u d e  and p h a s e  r e l a t i o n s  
e x i s t i n g  between t h e  c o n s t i t u e n t s .  (See  graphs) .  

Va lues  f o r a t  which w i l l  r e n d e r  (17) a maximum or minimum must s a t i s f y  
t h e  d e r i v e d  e q u a t i o n  

s i n  a t  t 2R, s i n  ( 2 a t  t P,) = 0 . . . . . . . . . . .  ( 1 9 )  

L e t  v ' / a  and wl /a  r e p r e s e n t  t h e  a c c e l e r a t i o n s  i n  t h e  t imes o f  t h e  
s e m i d i u r n a l  h i g h  and low w a t e r s ,  r e s p e c t i v e l y ,  due  t o  t h e  p r e s e n c e  o f  t h e  
M, c o n s t i t u e n t .  Then, s i n c e  t h e  time o r i g i n  o f  t h e  e q u a t i o q  was t aken  
a t  * t h e  M, maximum, t h e  v a l u e  o f  at i n  t h e  d e r i v e d  e q u a t i o n  w i l l  equa l  -v '  
f o r  t h e  h i g h  w a t e r  and 1 8 O o - w a '  f o r  t h e  low w a t e r  o f  t h e  compound wave. 
S u b s t i t u t i n g  t h e s e  i n  ( 1 9 )  

s i n  ( - v a ' )  t 2R, s i n  (P , -2va ' )  = 0 . . . . . . . . . .  (20 )  

s i n  (180'-w') t 2R, s i n  (P,-2w1) = 0 . . . . . . . .  ( 2 1 )  

From which 

- s i n  w '  
s i n  (P,-2wa') . . . . . . . . . . .  (23) = 2R, 



6 

A l t h o u g h  t h e  a b o v e  e q u a t i o n s  d o  n o t  a d m i t  a s i m p l e  d i r e c t  s o l u t i o n  f o r  
v '  a n d  w ' ,  r e q u i r e d  v a l u e s  may b e  o b t a i n e d  by  a s y s t e m  o f  t r i a l s  a n d  
a p p r o x i m a t i o n s  a n d t a b l e  1 h a s  b e e n  p r e p a r e d  g i v i n g  s u c h  v a l u e s  f o r  d i f -  
f e r e n t  a m p l i t u d e  a n d  p h a s e  r e l a t i o n s .  T h e s e  v a l u e s  a r e e x p r e s s e d  i n  d e -  
g r e e s  o f  t h e  s e m i d i u r n a l  wave a n d  may be  c o n v e r t e d  i n t o  s o l a r  h o u r s  by  
t h e  a p p l i c a t i o n  o f  t h e  f a c t o r  0 , 0 3 4 5 .  

From a c o m p a r i s o n  o f e q u a t i o n s  ( 2 2 )  and  (23) i t  is o b v i o u s  t h a t  t h e  
h i g h  water  a c c e l e r a t i o n s  a r e  a p p l i c a b l e  t o  t h e  low wa te r s  i f  t h e  p h a s e  
d i f f e r e n c e  i s a l t e r e d  b y  180'. When P, is b e t w e e n  0" and  1 8 0 ° ,  t h e  h i g h  
w a t e r  a c c e l e r a t i o n  d u e  t o  M, i s  p o s i t i v e  and  t h e  l o w  water  a c c e l e r a t i o n  
i s  n e g a t i v e .  When P, i s  b e t w e e n  1 8 0 "  a n d  360°, t h e s i g n s  o f  t h e  a c c e l e r -  
a t i o n s  a r e  r e v e r s e d .  

As l o n g  a s  t h e  r a t i o  R, d o e s  n o t e x c e e d  0 .25 ,  t h e  compound wave w i l l  
r e m a i n  s e m i d i u r n a l  w i t h  a s i n g l e  maximum a n d  s i n g l e  minimum d u r i n g  t h e  
s e m i d i u r n a l  p e r i o d .  When R, i s  g r e a t e r  t h a n  0 . 2 5 ,  a s e c o n d a r y  maximum 
a n d  m i n i m u m m a y a p p e a r  w i t h  c e r t a i n  p h a s e  r e l a t i b n s ;  a n d  when R, e x c e e d s  
0.5, t h e  compound wave becomes q u a r t e r - d i u r n a l  f o r  a l l  p h a s e  r e l a t i o n s .  
C r i t i c a l  v a l u e s  f o r  at m a r k i n g  t h e  f i r s t  a p p e a r a n c e  o f  t h e  s e c o n d a r y  max- 
ima a n d m i n i m a  must  s a t i s f y  n o t  o n l y  t h e  f i r s t  d e r i v e d  e q u a t i o n  ( 1 9 )  b u t  
a l s o  t h e  a e c o n d  d e r i v e d  e q u a t i o n -  

cos a t  + 4R, c o s  ( 2 a t  + P,) = 0 . . . . . . .  ( 2 4 )  

From (19) and (24 )  

t a n  a t  = 1 / 2  t a n  ( 2 a t  + P,) . . . . . . . . .  ( 2 5 )  

From w h i c h  . 

t a n  ' ( a t  + %P,) = - t a n  XP, . . . . . . . . . .  ( 2 6 )  

C r i t i c a l  v a l u e s  o f  at c o r r e s p o n d i n g  t o  d i f f e r e n t  p h a s e  r e l a t i o n s  may b e  
o b t a i n e d  f r o m  e q u a t i o n  ( 2 6 ) ,  a n d w h e n  s u b s t i t u t e d  i n  e i t h e r  ( 1 9 )  or ( 2 4 )  
w i l l  g i v e  t h e  c o r r e s p o n d i n g  c r i t i c a l  v a l u e s  f o r  R,. S u c h  v a l u e s  h a v e  
b e e n  c o m p i l e d  i n  t a b l e  3. 

I n  computingtheaccelerations f o r t a b l e  1, n o  a t t e n t i o n  was  u s u a l l y  
g i v e n  t o  t h e  s e c o n d a r y  maxima a n d  minima w h i c h  a r e  i n  g e n e r a l  o f  less 
a m p l i t u d e  t h a n  t h e  p r i n c i p a l  maximum andminimum. However ,  when t h e  p h a s e  
d i f f e r e n c e  i s  1 8 0 "  t h e  t i m e  o f  t h e  s e m i d i u r n a l  h i g h w a t e r  r e m a i n s  u n c h a n g e d  
a s  l o n g  a s  t h e  a m p l i t u d e  r a t i o  d o e s  n o t  e x c e e d  0 . 2 5 ;  b u t  when t h e  r a t i o  
is g r e a t e r  t h a n  t h i s ,  t h e h i g h  water is r e p l a c e d  by  a s e c o n d a r y  low w a t e r  
f l a n k e d  by two h i g h  waters  o f  e q u a l  h e i g h t ,  o n e  b e i n g  c o n s i d e r e d  a n  ac-  
c e l e r a t i o n  a n d  t h e  o t h e r  a r e t a r d a t i o n  i n  t h e  o r i g i n a l  s e m i d i u r n a l h i g h  
water .  Thus  i n  t a b l e  1, t h e  a c c e l e r a t i o n s  c o r r e s p o n d i n g  t o  t h e  p h a s e  
d i f f e r e n c e  o f  180° may b e  c o n s i d e r e d  a s  e i t h e r  p o s i t i v e  or n e g a t i v e .  
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F o r  t h e  compound wave ( 1 8 )  c o n s i s t i n g  o f  t h e  c o n s t i t u e n t s  M, a n d  M,, 
t h e  f i r s t  d e r i v e d  e q u a t i o n  f o r  maxima a n d  minima i s  

s i n  a t  t 3R, s i n  ( 3 a t  t P,) = 0 . . . . . . . . . .  ( 2 7 )  

L e t t i n g  v "  and  w" ( e x p r e s s e d  i n  d e g r e e s  o f  t h e  s e m i d s u r n a l  wave)  r e p r e s e n t  
r e s p e c t i v e l y  t h e  h i g h  a n d  low w a t e r  a c c e l e r a t i o n s  d u e  toM,, and s u b s t i t u t -  
i n g  i n  ( 2 7 ) ,  w e  h a v e  

s i n  (-vw) t 3R, s i n  ( P a  - 3 v w )  = 0 . . . . . . . . .  ( 2 8 )  

s i n  (180 '  - w") t 3R, s i n  ( P a  f 180" - 3wn) = 0.  . . .  ( 2 9 )  

From which  

From a c o m p a r i s o n  o f  ( 3 0 )  a n d  ( 3 1 ) ,  i t  i s  a p p a r e n t  t h a t  t h e  a c c e l e r a t i o n s  
d u e  t o  M, f o r  any p h a s e  d i f f e r e n c e  are  t h e  same f o r  b o t h  h i g h  and  low 
w a t e r s .  T a b l e  2 c o n t a i n s  t h e  a c c e l e r a t i o n s  b a s e d  upon t h e  above  e q u a t i o n s .  
They  are  e x p r e s s e d  i n  d e g r e e s  o f  t h e  s e m i d i u r n a l  wave a n d  a r e  t o  b e  mul- 
t i p l i e d  by t h e  f a c t o r  0.0345 t o  r e d u c e  t o  s o l a r  h o u r s .  

As l o n g  as  t h e  r a t i o  R, d o e s  n o t  e x c e e d  1 / 9 ,  t h e  compound wave w i l l  
r e m a i n  s e m i d i u r n a l  f o r  a l l  p h a s e  r e l a t i o n s ,  b u t  when t h e  r a t i o  d o e s  e x c e e d  
t h i s  amount ,  two s e c o n d a r y  maxima and  two s e c o n d a r y  minima may a p p e a r  
w i t h  c e r t a i n  p h a s e  r e l a t i o n s ,  and  when t h e  a m p l i t u d e  r a t i o  e x c e e d s  1 / 3 ,  
t h e  compound wave w i l l  b e  s i x t h - d i u r n a l  f o r  a l l  p h a s e  r e l a t i o n s .  C r i t i c a l  
v a l u e s  f o r  m a r k i n g  t h e  f i r s t  a p p e a r a n c e  o f  t h e  s e c o n d a r y  maxima and 
minima m u s t  s a t i s f y  b o t h  t h e  f i r s t  d e r i v e d  e q u a t i o n  ( 2 7 )  a n d  a l s o  t h e  
s e c o n d  d e r i v e d  e q u a t i o n  

c o s  a t  t 9R, c o s  ( 3 a t  t- P,) = 0 . . . . . .  ( 3 2 )  

T h e r e f o r  e 

t a n  a t  = 1/3 t a n  ( 3 a t  t P,) . . . . . . . .  ( 3 3 )  

From ( 3 3 1 ,  two c r i t i c a l  v a l u e s  for d i f f e r i n g  by 180"  may b e  o b t a i n e d  
f o r  e a c h  v a l u e  o f  P,, a n d  t h e  c o r r e s p o n d i n g  v a l u e  f o r  R ,  t h e n  o b t a i n e d  
f r o m  e i t h e r  ( 2 7 )  or ( 3 2 ) .  C r i t i c a l  v a l u e s  c o r r e s p o n d i n g  t o t h c  p r i n c i p a l  

982152 0 - 52 - 2 
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p h a s e  r e l a t i o n s  a r e  i n c l u d e d  i n  t a b l e  3 .  I n  c o m p u t i n g  t h e  a c c e l e r a t i o n s  
i n  t a b l e  2 ,  n o  a t t e n t i o n  was u s u a l l y  g i v e n  t o  t h e  s e c o n d a r y  maxima a n d  
minima,  b u t  when t h e  p h a s e  d i f f e r e n c e  i s  e x a c t l y  180 '  and  t h e  a m p l i t u d e  
r a t i o  g rea t e r  t h a n  1 / 9 ,  t h e r e  w i l l  o c c u r  two h i g h  waters o f  e q u a l  h e i g h t  
a n d  two low w a t e r s  o f  e q u a l  h e i g h t ,  one o f  t h e s e  h i g h  waters  and  one o f  
t h e  low w a t e r s  b e i n g  a c c e l e r a t i o n s  and t h e  o t h e r s  r e t a r d a t i o n s  f r o m  t h e  
n o r m a l  s e m i d i u r n a l  h i g h a n d  low w a t e r s .  Thus  t h e  a c c e l e r a t i o n s  i n  t a b l e  2 
c o r r e s p o n d i n g  t o  a p h a s e  d i f f e r e n c e  o f  180' may be  c o n s i d e r e d  a s  e i t h e r  
p o s i t i v e  or n e g a t i v e .  

The  combined  e f f e c t  o f  t h e  M, and M ,  c o n s t i t u e n t s  a c t i n g  t o g e t h e r  
may n o t  b e  t h e  same a s  t h e  sum o f  t h e i r  i n d i v i d u a l  e f f e c t s  when a c t i n g  
i n d e p e n d e n t l y ,  l a r g e l y  b e c a u s e  o f  t h e  s e n s i t i v e n e s s  o f  t h e  r e s u l t s  t o  t h e  
p h a s e  r e l a t i o n s .  However, i n  t h e a p p l i c a t i o n  o f  t a b l e s  1 and 2 ,  a p p r o x i -  
m a t e  v a l u e s  c a n  b e  o b t a i n e d  by f i r s t  d e t e r m i n i n g  f r o m  t a b l e  1 a c c e l e r a t i o n s  - v '  a n d  d u e  t o  M, a l o n e ,  a n d  t h e n  t a k i n g  t h e  p h a s e  r e l a t i o n  o f  M ,  t o  
t h e  combined  (M,+M,) wave a s  ( P 6 - 3 v ' )  f o r  t h e  h i g h  water  and (P6-3w' )  f o r  
t h e  l o w  w a t e r ,  u s i n g  t h e s e  a r g u m e n t s  i n  t a b l e  2. The v a l u e s  f o r  a n d  - w "  t h u s  f o u n d  a r e  t h e n  combined  w i t h  and  .w-l r e s p e c t i v e l y  t o  o b t a i n  
a c c e l e r a t i o n s  y a n d L  r e p r e s e n t i n g  t h e  combined  e f f e c t  o f  M, a n d  M,. The 
a c c e l e r a t i o n s  o b t a i n e d  by means o f  t a b l e s  1 a n d  2 d o  n o t  i n  g e n e r a l  d i f f e r  
g r e a t l y  f r o m r e s u l t s  d e r i v e d  f r o m  f o r m u l a s  ( 1 5 )  and  ( 1 6 ) ,  b u t  on t h e  whole  
a p p e a r  t o  be  more s a t i s f a c t o r y .  The u s e  o f  t h e  t a b l e s  is t h e r e f o r e  r e c -  
omme nded  . 

The a c c e l e r a t i o n s  v a n d  z, e x p r e s s e d  i n  d e g r e e s  of t h e  s e m i d i u r n a l  
wave,  h a v i n g  b e e n d e t e r m i n e d ,  t h e  mean l u n i t i d a l  i n t e r v a l s  may be  o b t a i n e d  
f r o m  t h e  f o l l o w i n g  f o r m u l a s -  

HWI ( i n  h o u r s )  = ( M i  - v )  x 0 , 0 3 4 5  . . . . . . . ( 3 4 )  

LWI ( i n  h o u r s )  = (M," f. 180" - W )  x 0 . 0 3 4 5  . . . (35) 
T h e s e  i n t e r v a l s  w i l l  be  e i t h e r  G r e e n w i c h  or l o c a l  a c c o r d i n g  t o  w h e t h e r  
t h e  M, e p o c h  i s  r e f e r r e d  t o  t h e  G r e e n w i c h  or l o c a l  m e r i d i a n .  

Mean r a n g e  o f  t i d e . - I n  t h e  n o r m a l  s e m i d i u r n a l  t i d e  i n w h i c h  M, i s  t h e  
p r e d o m i n a t i n g  c o n s t i t u e n t ,  t h e  a p p r o x i m a t e  mean r a n g e  e q u a l s  t w i c e  t h e  
a m p l i t u d e  o f t h i s  c o n s t i t u e n t ,  or 2M,. The t r u e  r a n g e  i s  a l i t t l e  l a r g e r  
d u e  t o  t h e  e f f e c t s  o f  t h e  o t h e r  c o n s t l t u e n t s  i n c l u d i n g  b o t h  t h e h a r m o n i c s  
o f  M, a n d  c o n s t i t u e n t s  w i t h  i n c o m m e n s u r a b l e  s p e e d s .  

T a k i n g  t h e  a c c e l e r a t i o n s  i n  t h e  t i m e s  o f  h i g h  and low w a t e r  a s  r a n d  
i t s  h a r m o n i c s  M, a n d  M, - w r e s p e c t i v e l y ,  t h e  r a n g e  o f  t i d e  due  t o  M, a n d  

may b e  e x p r e s s e d  by  t h e  f o r m u l a -  

M 2 ( c o s  v + C O S  W )  + M, COS (P4-2v)  - M4 COS (P4-2w) 
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= M,(cos v + c o s  9 1 )  

+ M4(cos  2v - c o s  2w) c o s  P, + M, ( s i n  2v  - s i n  2w) s i n  P, 

+ M,(cos 3v + ... 3w) ... P, + M ,  ( s i n  3v + s i n  3w) s i n  P, ... (36) 
= M,(cos v t c o s  w) 

t M4[cos (P4-2v)  - c o s  (P4-2w)] 

f Md[cos (P6-3v)  f cos (P6-3w)] ............................... (37) 

The i n c r e m e n t  t o  t h e  mean r a n g e  o f  t i d e  d u e  t o c o n s t i t u e n t s . w i t h s p e e d s  
i n c o m m e n s u r a b l e  w i t h  t h a t  o f  M, may b e e x p r e s s e d  by t h e  f o l l o w i n g  f o r m u l a  
w h i c h  i s  b a s e d  upon a f o r m u l a  g i v e n  i n H a r r i s ' s  Manual o f  T i d e s ,  P a r t  111, 
p a g e  133, f o r  t h e  a v e r a g e  v a l u e  o f  t h e  maxima o f  a compound wave c o n s i s t i n g  
of  a p r e d o m i n a t i n g  c o n s t i t u e n t  t o g e t h e r  w i t h  a number o f s m a l l e r  c o n s t i t -  
u e n t s .  The i n c r e m e n t  t o  t h e  r a n g e  o f  t i d e  i s  twice a s  g r e a t  a s  t h a t  f o r  
t h e  a m p l i t u d e .  L e t  t h e  a m p l i t u d e  a n d s p e e d  o f  t h e  p r e d o m i n a t i n g  c o n s t i t -  
u e n t  be  r e p r e s e n t e d  b y 3  a n d  3 r e s p e c t i v e l y ,  a n d  t h e  a m p l i t u d e s  a n d s p e e d s  
o f  t h e  s m a l l e r  c o n s t i t u e n t s  by t h e  g e n e r a l  d e s i g n a t i o n s  R a n d  b. The for -  
mula for t h e  i n c r e m e n t  may t h e n  b e  w r i t t e n -  

~ , C ( B b ) z / ( M , m 2 ) a  ............................... ( 3 8 )  

I n  t h e  a p p l i c a t i o n  o f  t h e  a b o v e  f o r m u l a ,  i t  i s  c o n v e n i e n t  t o  p l a c e  
t h e  c o n s t i t r i e n t s  i n t o  t h r e e  g r o u p s , -  t h e  l u n a r  s e m i d i u r n a l s ,  t h e  s o l a r  
s e m i d i u r n a l s ,  and t h e  d i u r n a l s ,  b e c a u s e  i n  g e n e r a l  t h e  a m p l i t u d e  r e l a t i o n s  
of t h e  c o n s t i t u e n t s  i n  e a c h  o f  t h e  g r o u p s  a p p r o x i m a t e  t o  t h e  t h e o r e t i c a l  
r e l a t i o n s  o f  t h e i r  mean c o e f f i c i e n t s .  For t h e  f i r s t  g r o u p  t h e  a m p l i t u d e s  
a r e  e x p r e s s e d  i n  t h e i r  r e l a t i o n  t o  M , ,  f o r  t h e  s e c o n d  g r o u p  i n  t h e i r  r e l a -  
t i o n  t o  S,, and  f o r  t h e  t h i r d  g r o u p  i n  t h e i r  r e l a t i o n  t o  (KIWI).  

For t h e  p u r p o s e  o f  t h e  a b o v e  g r o u p i n g  f o r m u l a  (38) may b e  w r i t t e n  

U s i n g  t h e  c o n s t i t u e n t  s p e e d s  and  c o e f f i c i e n t s  g i v e n  i n  T a b l e  2 o f  
S p e c i a l  P u b l i c a t i o n  No. 98, t h e  f o l l o w i n g  n u m e r i c a l  v a l u e s  a r e  o b t a i n e d  
for t h e  s u m m a t i o n s  i n d i c a t e d .  A l t h o u g h  K, i s  p a r t l y  l u n a r  and  p a r t l y  
s o l a r ,  i t  i s  p l a c e d  i n  t h e  s o l a r  group a s i t s  a m p l i t u d e  i s  u s u a l l y  i n f e r r e d  
f r o m  S,. 
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1st g r o u p  

0.0361 
.0014 Nu 
.0008 
.0006 2N 

Mu .0005 
Lambda ,0001 
Sum .0395 

N 2  

L l  

2nd g r o u p  

s 2  1.0713 
K 2  0.0797 

,0037 
, 0 0 0 1  

Sum 1 .1548 

T, 
R 2  

3 r d  g roup  

0.0920 
,0400 

K l  

,0099 
0, 
P l  

0014 
,0003  

Ql 

,0003 
Ml 

J, 
00 . O O O l  
Rho . O O O l  
24 .oooo 
Sum 0.1441 

S u b s t i t u t i n g  i n  fo rmula  (39) t h e  above  n u m e r i c a l  v a l u e s ,  w e  have f o r  
t h e  i n c r e m e n t  t o  t h e  mean r ange  due  t o  t h e  c o n s t i t u e n t s  of incommensurable 
s p e e d s -  

0.020 M, + 0.577 (S,/M,), M, + 0.072 [(K,+O,)/M,]' M ,  

= M, ( T a b l e  4 f T a b l e  5 )  .................... ( 4 0 )  

i n  which  T a b l e  4 = 0.020 f 0.577 (S,/M,), .............. ( 4 1 )  

and  Tab le  5 = 0.072 [ (Kl+O1)/M,I2 ................. ( 4 2 )  

When comput ing  t h e  mean r a n g e  o f  t i d e  from t h e  harmonic  c o n s t a n t s  i t  has  
been  t h e  p r a c t i c e  t o i n c l u d e  t h e  e m p i r i c a l  f a c t o r  1 . 0 2  t o  t a k e  a c c o u n t  of 
n o n p r e d i c t a b l e  i n e q u a l i t i e s .  Combining (37 )  and  ( 4 0 )  and  i n c l u d i n g  t h e  
e m p i r i c a l  f a c t o r ,  w e  have f o r  t h e  mean r ange  of t i d e .  

Mn =f 1 .02  ( c o s  v t c o s  H t T a b l e  4 t T a b l e  5 )  M, 
t 1.02  M,[cos (P,-2v) - c o s  (P,-2w)] 
t 1 .02  Md[cos (P6-3v)  t c o s  (P6-3w)] ............ (43 )  

S p r i n g  and n e a p  r a n g e  of  t i d e . -  S p r i n g  t i d e s  o c c u r  t e c h n i c a l l y  when 
c o n s t i t u e n t s  M, and S, a r e  i n  phase  ag reemen t ,  or a p p r o x i m a t e l y  s o  s i n c e  
t h i s  agreement  e x i s t s  for only  an  i n s t a n t  w h i l e  c o n s e c u t i v e  h i g h  and low 
w a t e r s  o c c u r  s e v e r a l  h o u r s  a p a r t .  S i m i l a r l y ,  n e a p  t i d e s  o c c u r  when M, and 
S, d i f f e r  i n p h a s e  by 180°. Excep t  f o r  r e l a t i v e l y  s m a l l  i n e q u a l i t i e s ,  t h e  
e q u i l i b r i u m  a rgumen t s  of  t h e s e  c o n s t i t u e n t s  c o i n c i d e  a t  t h e  t imes  of  new 
and  f u l l  moon b u t  t h e  c o n s t i t u e n t s  t h e m s e l v e s  d o  n o t  c o n s p i r e  u n t i l  some 
hours l a t e r  b e c a u s e  of t h e  phase  l a g s .  

C o n s t i t u e n t  Mu, a l s o  has  a c o n t r i b u t i n g  e f f e c t  on t h e  s p r i n g  and neap  
t i d e s .  I t s  s p e e d  i s  less t h a n  t h a t  o f  M, by t h e  same amount t h a t  t h e  l a t -  
t e r  is  less  t h a n  t h e  s p e e d  of  S,, and i t s  e q u i l i b r i u m  argument  c o i n c i d e s  
w i t h  t h a t  o f  S, a t  t h e  t imes  o f  t h e  new and f u l l  moon and a l s o  a t  t h e  
q u a d r a t u r e s .  A t  t h e  t i m e  o f s p r i n g  t i d e s  when t h e  phases  of  M, and S, a r e  
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i n  a g r e e m e n t  a n d  a l s o  a t  t h e  t i m e  o f  n e a p  t i d e s  when t h e s e  p h a s e s  d i f -  
f e r  by 1 8 0 ° ,  t h e  p h a s e  o f  Mu, w i l l  d i f f e r  f rom t h a t  o f  S, by a n  amount  
e q u a l  t o  ( 2 M i 5 i - M ~ ; ) .  The a m p l i t u d e  o f  t h e  wave f o r m e d  by  c o n s t i t u e n t s  
S, and Mu, a t  t h e  t imes o f  s p r i n g  a n d  n e a p  t i d e s  i s  t h e r e f o r e  e q u a l  t o  
[S, i- Mu2cos(2Mi-S;-Mu~)]. The i n c r e a s e  i n r a n g e  a t  t h e  s p r i n g  t i d e s  a n d  
t h e  d e c r e a s e  a t  t h e  n e a p  t i d e s  is a p p r o x i m a t e l y  t w i c e  t h e  a m p l i t u d e  o f  
t h i s  wave. 

The f o r m u l a s  u s e d  f o r  o b t a i n i n g  t h e  s p r i n g  and  n e a p  r a n g e s  o f  t i d e  
a r e  b a s e d  upon t h e  d i s c u s s i o n  i n  H a r r i s ' s  Manual  o f  T i d e s ,  page  1 4 4  i n  
P a r t  I11 s u p p l e m e n t e d  by  a f o o t n o t e  on p a g e  3 2 6 , o f  P a r t  I. I n  d e r i v i n g  
t h e s e  f o r m u l a s  t h e r e s i d u a l  e f f e c t  o f  S, a s  r e p r e s e n t e d  by t h e  e x p r e s s i o n  
K(s,/m,)2(S:/M,) or i t s  e q u i v a l e n t  0 .536 S:/M, i s  f i r s t  e x c l u d e d  f r o m  t h e  
mean r a n g e  o f  t i d e ,  To  a l low f o r  o t h e r  p e r t u r b a t i o n s  t h e  a m  l i t u d e  of t h e  
[ S z t M u 2 c o s ( 2 M ~ - S ~ - M u ~ ) ]  wave is d i m i n i s h e d  by  (0.02 + 0.O4f(K,+OI)/M,] '1. 
The c o m p l e t e d  f o r m u l a s  f o l l o w -  

Sg = Mn - 0.536 S i / M 2  

+[S,+MU,COS ( 2 M i - S i - M ~ i ) ] ~ [ l ,  96-0.08 (K,+O, 1 '/Mi] . . .  ( 4 4 )  

Np = Mn - 0.536 SZ/M, 

-[Sz+Mu,cos(2M~-S~-M~~)]x[l,96-0,O8(K1+0~)~/M~] , . . ( 4 5 )  

A l t h o u g h  t h e  mean, s p r i n g ,  a n d  n e a p  r a n g e s  d e r i v e d ' d i r e c t l y  f rom 
c o n s t a n t s  f r o m  d i f f e r e n t  se r ies  of o b s e r v a t i o n s  a t  a p l a c e  may d i f f e r  t o  
some e x t e n t ,  t h e  r a t i o s  o f  t h e  s p r i n g  a n d  n e a p  r a n g e s  t o  t h e  mean r a n g e  
r e m a i n  f a i r l y  c o n s t a n t  a n d  t h e s e  r a t i o s  may b e  a d o p t e d  a s  s t a n d a r d  a n d  
a p p l i e d  t o  t h e  mean r a n g e  a s  o b t a i n e d  f r o m  t h e  most  r e l i a b l e  s o u r c e .  

P e r i g e a n  a n d  a p o g e a n  r a n g e  o f  t i d e . -  The  i n c r e a s e d  r a n g e  o f  t i d e  
due  t o  t h e  n e a r n e s s  o f  t h e  moon when i n  p e r i g e e  a n d  t h e  d e c r e a s e d  r a n g e  
d u e  t o  i t s  g r e a t e r  d i s t a n c e  when i n  a p o g e e  a r e  known r e s p e c t i v e l y  as  t h e  
p e r i g e a n  and  a p o g e a n  r a n g e s .  The t h e o r e t i c a l  r e l a t i o n s  o f  t h e s e  r a n g e s  
t o  t h e  mean r a n g e  o f  t i d e  b a s e d  upon t h e  f a c t  t h a t  t h e  t i d e - p r o d u c i n g  
f o r c e  e x e r t e d  b y  t h e  moon v a r i e s  i n v e r s e l y  a s  t h e  c u b e  o f  i t s  d i s t a n c e  
f r o m  t h e  e a r t h  may b e  e x p r e s s e d  by  t h e  f o l l o w i n g  f o r m u l a s -  

Pn/Mn = l / ( l - e I 3  = 1.18 . . . . . . . . . . . .  
An/Mn = l / ( l t e ) '  = 0.85 . . . . . . . . . . . .  

( 4 6 )  

(47) 

i n  w h i c h  g e q u a l s  t h e  e c c e n t r i c i t y  o f  t h e  moon's  o r b i t  w i t h  a n u m e r i c a l  
v a l u e  o f  0.055. 

The p r i n c i p a l  t i d a l  c o n s t i t u e n t s  c o n t r i b u t i n g  t o  t h i s  i n e q u a l i t y  i n  
t h e  r a n g e  o f  t i d e  a r e  N , ,  L,, a n d  2N. D i s r e g a r d i n g  s m a l l  i n e q u a l i t i e s ,  
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when t h e  moon is i n  p e r i g e e  t h e  e q u i l i b r i u m  a r g u m e n t s  o f  M , ,  N and 2N 
a re  i n  p h a s e  a g r e e m e n t  w h i l e  t h e  a r g u m e n t  o f  L, d i f f e r s  by 1 8 0  . When 
t h e  moon is i n  a p o g e e  t h e  e q u i l i b r i u m  a r g u m e n t s  o f  M,, L, and 2N a r e  i n  
p h a s e  a g r e e m e n t  w h i l e  t h e  a r g u m e n t  o f  N, d i f f e r s  by  1 8 0 ° .  The s p e e d  of 
L, e x c e e d s  t h a t  o f  M, by t h e  same amount  t h a t  t h e  l a t t e r  e x c e e d s  t h e  
s p e e d  o f  N, ,  and  t h e  s p e e d  of  2N i s  less  t h a n  t h a t  o f  N, by t h e  same 
amount .  A l l o w i n g  f o r  p a r a l l a x  a g e  and a s s u m i n g  t h e  t h e o r e t i c a l  r e l a t i o n s  
o f  t h e  p h a s e  l a g s ,  t h e  p h a s e  r e l a t i o n s  o f  t h e s e  c o n s t i t u e n t s  a t  t h e  t imes 
o f  t h e  p e r i g e a n  a n d a p o g e a n  t i d e s  w i l l  be  t h e  same a s  t h a t  of t h e i r  e q u i -  
l i b r i u m  a r g u m e n t s  when t h e  moon i s  i n  p e r i g e e  a n d  a p o g e e .  

a 

The compound wave formed by  c o m b i n i n g  t h e  a b o v e  c o n s t i t u e n t s  w i t h  
t h e  p r i n c i p a l  l u n a r  c o n s t i t u e n t  M, w i l l  t h e n  h a v e  a n  a m p l i t u d e  e q u a l  t o  
(M,+N,-L2+2N) a t  t h e  t i m e  of t h e  p e r i g e a n  t i d e s  a n d e q u a l  to (M,-N,+L,+ZN) 
a t  t h e  t ime o f  t h e a p o g e a n  t i d e s .  If t h e  t h e o r e t i c a l  a m p l i t u d e  r e l a t i o n s  
o f  L, and 2N t o  N, a r e u s e d ,  t h e  a b o v e  e x p r e s s i o n s  become (M, + 0.990 N,) 
a n d  (M, - 0.724 N2) r e s p e c t i v e l y .  Assuming t h e r e l a t i o n s  o f  t h e  p e r i g e a n  
a n d  a p o g e a n  r a n g e s  t o  t h e  mean r a n g e  t o  b e  e q u a l  r e s p e c t i v e l y  t o  t h e  
r e l a t i o n s  o f  t h e  a b o v e  a m p l i t u d e s  t o  t h a t  o f  M,, a n d  r o u n d i n g  o u t  t h e  
n u m e r i c a l  c o e f f i c i e n t s  f o r  c o n v e n i e n c e ,  w e  h a v e  

Pn/Mn = 1 + N,/M, . . . . . . . . . . ( 4 8 )  

An/Mn = 1 - 0.75 N,/M,.  . . . ( 4 9 )  

From a number of tes ts  made, t h e  r e s u l t s  o b t a i n e d  by means o f  t h e  
a b o v e  f o r m u l a s  d i d  n o t  d i f f e r  m a t e r i a l l y  f r o m  t h o s e  d e r i v e d  f r o m  more 
e l a b o r a t e  f o r m u l a s  h e r e t o f o r e  u s e d ,  a n d  when c o m p a r i s o n s  w e r e  made w i t h  
t h e  p e r i g e a n  a n d  a p o g e a n  r a n g e s  d e r i v e d  f r o m  h i g h  a n d  low w a t e r  o b s e r v a -  
t i o n s  t h e  s i m p l i f i e d  f o r m u l a s  i n a  number o f  c a s e s  g a v e  s l i g h t l y  improved  
a g r e e m e n t s .  
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D i u r n a l  ( K , + O , )  wave. -  The d i u r n a l  wave d u e  t o  t h e  l u n a r  f o r c e s  i s  
r e p r e s e n t e d  p r i n c i p a l l y  by  c o n s t i t u e n t s  K ,  and  0,, t h e  p e r i o d s  o f  w h i c h  
a re  s u c h  t h a t  t h e y  a r e  i n p h a s e  a g r e e m e n t  a t  t h e  t i m e  of  t h e  t r o p i c  t i d e s  
and  i n  o p p o s i t e  p h a s e  a t  t h e  t i m e  of  t h e  e q u a t o r i a l  t i d e s .  S i m i l a r l y ,  
t h e  s u n  t e n d s  t o p r o d u c e  a d i u r n a l  wave r e p r e s e n t e d  b y c o n s t i t u e n t s  K ,  and  
P, w h i c h  a r e  i n  p h a s e  a g r e e m e n t  a t  t h e  t i m e  o f  t h e  s o l s t i c e s  and  i n  op- 
p o s i t e  p h a s e  a t  t h e  t i m e  of  t h e  e q u i n o x e s .  C o n s t i t u e n t  K ,  is common t o  
b o t h  waves  a n d  i s  d u e  p a r t l y  t o  l u n a r  a n d  p a r t l y  t o  s o l a r  f o r c e s .  The 
a m p l i t u d e  o f  t h e  l u n a r  d i u r n a l  wave v a r i e s  f r o m a  maximum.equa1 t o  t h e  sum 
o f  t h e  a m p l i t u d e s  of  K ,  a n d O 1  a t  t h e  t i m e  o f  t h e  t r o p i c  t i d e s  t o a  minimum, 
e q u a l  t o  t h e i r  d i f f e r e n c e  a t  t h e  t i m e  of t h e  e q u a t o r i a l  t i d e s .  

Compar ing  t h e  e q u i l i b r i u m  a r g u m e n t s  of  M,, 0, ,  and l u n a r  K , ,  t h e  
f o l l o w i n g  r e l a t i o n s  a r e  o b t a i n e d -  

Argument  K,  = %(Arg. M,) + ( s  - 4 -90') 

Argument  0, = %(Arg.  M z )  - ( s  - e -90') . . . . . . . .  
. . . . . . . .  (50) 

( 5 1 )  

I t  i s  t o  b e  n o t e d  t h a t  t h e  term %(Arg. M , )  i n  t h e  a b o v e  f o r m u l a s  i s  re- 
f e r r e d  t o  t h e  u p p e r  t r a n s i t  o f  t h e  mean moon a n d  may n o t  be t h e  same a s  
o n e - h a l f  t h e  n u m e r i c a l  v a l u e  o f  t h e  a r g u m e n t  M, when t h e  l a t t e r ,  t h r o u g h  
a r e j e c t i o n  o f  360°,  h a s  b e e n  r e f e r r e d  t o  t h e  l o w e r  t r a n s i t ,  I t  w i l l  a l s o  
be o b s e r v e d  t h a t  t h e e x p r e s s i o n  ( s  - f -90") is e q u a l  t o  z e r o  a t  t h e  t i m e  
o f  maximum n o r t h  d e c l i n a t i o n  of t h e  moon a n d  180' a t  t h e  t i m e  o f  t h e  max- 
imum s o u t h  d e c l i n a t i o n .  

E q u a t i o n s  o f  t h e  K ,  and  0, t i d e s  may now b e  w r i t t e n -  

K ,  t i d e  = K ,  c o s  [W(Arg. M,) f ( s  . 6 -9O")-K,O] 

0, t i d e  = 0, c o s  [%(Arg. M,) . ( s  . t -9O.')-O~] 

L e t  

. . . .  ( 5 2 )  

. . . .  ( 5 3 )  

fl = ( s -  -90") - K ( K , O  . 0 : )  . . . . . . . . . . .  (54) 
Then fl i s  a v a r i a b l e  a n g l e  w i t h a  p e r i o d  c o r r e s p o n d i n g  t o  t h e  t r o p i c a l  

month a n d  i t s  z e r o  c o r r e s p o n d i n g  t o  t h e  t i m e  o f  t h e  t r o p i c  t i d e  o c c u r r i n g  
a t  themaximum n o r t h  d e c l i n a t i o n  o f  t h e m o o n ,  a l l o w a n c e  b e i n g  made f o r  t h e  
d i u r n a l  age o f  t h e  t i d e .  

Combining  ( 5 4 )  w i t h  (52) and ( 5 3 ) ,  w e  o b t a i n -  

I(, t i d e  = K, c o s  [%(Arg.  M z )  -%(KT+Oy) +0] . . . . . .  ( 5 5 )  

(56) 0, t i d e  = 0, c o s  [H(Arg. M a )  -X(K,"+Oy) -la] . . . . . .  
For b r e v i t y ,  l e t  

B = K(Arg. M,,) -X(KT+O:) . . . . . . . . . . . .  (57) 
r = O,/K,. . . . . . . . . . . . . . . . . . . .  ( 5 8 )  
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Then c o m b i n i n g  (55) and (561, w e  h a v e -  

(K,+O,)  wave = K ,  c o s  (B +- fl) + 0, c o s  (R - g) 

= (K,fO,) c o s  fi cos B - (Kl-O1) s i n  $ s i n  B 

I n  g e n e r a l ,  t h e  a m p l i t u d e  o f  0, i s  less  t h a n  t h a t  o f  K ,  w i t h  t h e  r a t i o r  
n o t  e x c e e d i n g  u n i t y .  However ,  i f  t h e  a m p l i t u d e  of  0, i s  g r e a t e r  t h a n  K ,  
and  r is  t a k e n  a s  t h e  r e c i p r o c a l  of O,/K,, t h e  a b o v e  f o r m u l a s  and  t a b l e s  
w i l l  s t i l l  be  a p p l i c a b l e  e x c e p t  t h a t  t h e  s i g n  o f  t h e  t a b u l a r  v a l u e  o f  x 
i n  t a b l e  7 w i l l  b e  r e v e r s e d .  Formula  ( 5 9 )  i s  t h e  e q u a t i o n  o f  a d i u r n a l  
wave i n  w h i c h  t h e  a m p l i t u d e  and  p h a s e  l a g  v a r i e s  t h r o u g h o u t  t h e  t r o p i c a l  
month.  The c o e f f i c i e n t  C h a s  a maximum v a l u e  o f  u n i t y  when e q u a l s  0" 
or 1 8 0 "  and  a minimum v a l u e  o f  ( K 1 ~ O 1 ) / ( K 1 f O 1 )  when fi e q u a l s  90"  or 270".  
The. p h a s e  l a g  r e p r e s e n t e d  by [X(Ky+OP)-x] w h i c h  h a s  a n  i n i t i a l  v a l u e  
o f  %(Kr+Oy) a t  t h e  t i m e  o f  t h e  t r o p i c  t i d e s .  I n  t h e  f o r e g o i n g  e x p r e s s i o n s ,  
t h e  e p o c h s  K y  and 0; must  d i f f e r  by l e s s  t h a n  1 8 0 " ,  o t h e r w i s e  t h e y  must  
be  made c o m p a r a b l e  by a d d i n g  360" t o  t h e  s m a l l e r .  

i s  

I n  o r d e r  t h a t  t h e  t r o p i c  t i d e s  c o r r e s p o n d i n g  t o  t h e  n o r t h  and  s o u t h  
d e c l i n a t i o n  o f  t h e  moon may b e  c o m p a r a b l e ,  i t  i s  n e c e s s a r y  t o  r e f e r  them 
a l t e r n a t e l y  t o  t h e  u p p e r  a n d l o w e r  t r a n s i t s  a s  t h e  moon c h a n g e s  f rom one  
d e c l i n a t i o n  t o  t h e  o t h e r .  F o r  t h e  p u r p o s e  o f  i d e n t i f i c a t i o n ,  t h e  u p p e r  
t r a n s i t  a t  t h e  n o r t h  d e c l i n a t i o n  and  t h e  lower t r a n s i t  a t  t h e  s o u t h  d e c -  
l i n a t i o n  a r e  c a l l e d  "a"  t r a n s i t s ,  w h i l e  t h e  l o w e r  t r a n s i t  a t  t h e  n o r t h  
d e c l i n a t i o n  a n d  t h e u p p e r  t r a n s i t  a t  t h e  s o u t h  d e c l i n a t i o n  a r e  d e s i g n a t e d  
a s  "b" t r a n s i t s .  I n  c o m p u t i n g y b y  f o r m u l a  (611, i t  w i l l  be  n o t e d  t h a t  
two v a l u e s  d i f f e r i n g  by  180" may b e  o b t a i n e d  f o r  e a c h  v a l u e  o f  pl. By 
t a k i n g  a l l  v a l u e s  o f x i n  t h e  1st or 4 t h  q u a d r a n t s ,  a s  h a s  b e e n  d o n e  i n  
t a b l e  7 ,  a l l  c o r r e s p o n d i n g  p h a s e  l a g s  w i l l  be r e f e r r e d  t o  t h e  " a "  t r a n s i t ,  
t h e  r e f e r e n c e  b e i n g  t o  t h e  u p p e r  t r a n s i t  when fl i s  i n  t h e  1st or 4 t h  q u a d -  
r a n t s  and  t o t h e  l o w e r  t r a n s i t  when $ i s  i n  t h e  2nd or 3 r d  q u a d r a n t s .  A t  
t h e  c r i t i c a l  v a l u e s  of 90" a n d  270°,  t h e  r e f e r e n c e  maybe t o  e i t h e r  u p p e r  
or lower t r a n s i t ,  a n d  i f  a t  t h e s e  t i m e s  t h e  r a t i o  i s  u n i t y ,  t h e  a m p l i t u d e  
o f  t h e  d i u r n a l  wave i s  r e d u c e d  t o  z e r o .  
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C o m b i n a t i o n  o f  d i u r n a l  and  s e m i d i u r n a l  wave . -  I n  t h e  f o l l o w i n g  d i s -  
c u s s i o n  t h e  s p e e d  o f  t h e d i u r n a l  wave w i l l  b e  assumed t o  be o n e - h a l f  t h a t  
of  t h e  s e m i d i u r n a l  wave. I f  t h i s  i s o n l y  a p p r o x i m a t e l y  t r u e ,  t h e  r e s u l t s  
may s t i l l  be a p p l i c a b l e  t o  a s i n g l e  c y c l e  o f  t h e  compound wave,  b u t  w i t h  
a n  u n d e r s t a n d i n g  t h a t  i n s u c c e s s i v e  c y c l e s  t h e  p h a s e  r e l a t i o n  b e t w e e n  t h e  
two component  waves  w i l l  b e  c o n t i n u a l l y  c h a n g i n g .  

L e t t =  t i m e  r e c k o n e d  f o r c o n v e n i e n c e  f r o m  a h i g h  w a t e r  o f  t h e  semi- 
d i u r n a l  wave;  

- a and  2, t h e  r e s p e c t i v e  s p e e d s  o f  t h e  d i u r n a l  and s e m i d i u r n a l  w a v e s ;  

t o  mean water l e v e l .  a n d  3, t h e  r e s p e c t i v e  o r d i n a t e s  r e f e r r e d  

T a k i n g  t h e  a m p l i t u d e  of t h e  s e m i d i u r n a l  wave a s  u n i t y ,  

L e t  R = r a t i o  o f  d i u r n a l  wave a m p l i t u d e  t o  t h a t  o f  t h e  s e m i d i u r n a l  
wave;  

Le t  P = h i g h  wa te r  p h a s e  d i f f e r e n c e ,  t h i s  d i f f e r e n c e  b e i n g  t h e p h a s e  
o f  t h e  d i u r n a l  wave c o r r e s p o n d i n g  t o  t h e  s e m i d i u r n a l  h i g h  
w a t e r  t h a t  i s  t a k e n  as  t h e  t ime o r i g i n .  S i n c e  t h e  d i u r n a l  
wave p e r i o d  i n c l u d e s  two s e m i d i u r n a l  h i g h  w a t e r s ,  t h e  p h a s e  
d i f f e r e n c e ,  e x p r e s s e d  i n  d e g r e e s  o f  t h e  d i u r n a l  wave, must  
r e f e r  t o  t h e  one s p e c i f i e d .  

E q u a t i o n s  o f  t h e  two waves a n d  t h e i r  c o m b i n a t i o n  may now b e  w r i t t e n  
a s  f o l l o w s -  

y 2  = c o s  2 a t  . . . . . . . . . . . . .  (62)  

y1  = R c o s  ( a t  + P ) .  . . . . . . . . .  ( 6 3 )  

Y = Yz'YI = cos 2 a t  + R c o s  . ( a t  + P )  . ( 6 4 )  

By p l o t t i n g  e q u a t i o n  ( 6 4 )  w i t h  d i f f e r e n t  v a l u e s  f o r  & a n d &  d i f f e r e n t  
t y p e s  o f  t i d e  maybe  i l l u s t r a t e d .  When & i s s m a l l ,  t h e  t i d e  i s  d i s t i n c t l y  
s e m i d i u r n a l  w i t h  v e r y  l i t t l e  d i u r n a l  i n e q u a l i t y  i n  e i t h e r  h i g h  or low 
w a t e r  h e i g h t s .  As e i n c r e a s e s ,  t h e  d i u r n a l  i n e q u a l i t y  i n c r e a s e s ,  t h i s  
i n e q u a l i t y  b e i n g  u n e q u a l l y  m a n i f e s t e d  i n t h e  h i g h  a n d l o w  w a t e r s  d e p e n d i n g  
upon t h e  p h a s e  d i f f e r e n c e l .  The i n c r e a s e  i n  t h e  d i u r n a l  i n e q u a l i t y  i s  
marked by a l o w e r i n g  o f  t h e  l o w e r  h i g h  water and a r a i s i n g  o f  t h e  h i g h e r  
low wa te r  u n t i l  t h e s e  two t i d e s  f i n a l l y  merge t o g e t h e r  and d i s a p p e a r ,  t h e  
t i d e  t h e n  becoming d i u r n a l .  

The  t imes  o f  t h e  h i g h  a n d  low wa te r s  o f  t h e  compound wave r e p r e s e n t e d  b y  
e q u a t i o n  ( 6 4 )  must  s a t i s f y  i t s  f i r s t  d e r i v a t i v e  when e q u a t e d  t o z e r o ,  t h u s  

2 sin 2 a t  t R s i n  ( a t t P )  = 0 . . . . . . . . . . . . . .  (65 )  
982152 0 - 52 - 3 
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The t imes when t h e  l o w e r  h i g h  w a t e r  and  h i g h e r  low w a t e r  merge must  s a t -  
i s f y  a l s o  t h e  s e c o n d  d e r i v a t i v e  e q u a t e d  t o  z e r o ,  t h u s  

4 c o s  2 a t  f R c o s  ( a t t P )  = 0 . . . . . . . . . . . . .  ( 6 6 )  

From ( 6 5 )  a n d  ( 6 6 )  

% t a n  2 a t  = t a n  ( a t + P ) .  . . . . . . . . . . . . . . .  . ( 6 7 )  

w h i c h  may be  r e d u c e d  t o  t h e  f o r m  

T a n ' a t  = t a n  P . . . . . . . . . . . . . . . . . . . .  ( 6 8 )  

V a l u e s  o f  at o b t a i n e d  f o r  d i f f e r e n t  v a l u e s  o f  2 i n  f o r m u l a  ( 6 8 )  m a y  t h e n  
be  s u b s t i t u t e d  i n  ( 6 5 )  or ( 6 6 )  t o  o b t a i n  t h e  c o r r e s p o n d i n g  c r i t i c a l  v a l u e s  
o f l w h i c h  d e t e r m i n e  when t h e  t i d e  w i l l  c h a n g e  f r o m s e m i d i u r n a l  t o d i u r n a l .  
T h e s e  c r i t i c a l  v a l u e s  a re  g i v e n  i n  t a b l e  3 f o r  e a c h  15" o f  1. W h e n L  
e q u a l s  0" or 1 8 0 "  and  t h e  two low w a t e r s  a r e  o f  e q u a l  h e i g h t ,  b o t h  low 
waters  w i l l  merge w i t h  t h e  LHW t o  f o r m  a s i n g l e  low water ,  and  when 1 
e q u a l s  90' or 270"  a n d  t h e  two h i g h  w a t e r s  a r e  o f  e q u a l  h e i g h t  t h e y  w i l l  
merge w i t h  t h e  HLW t o  form a s i n g l e  h i g h  wa te r .  

When t h e r a t i o R i s  less t h a n  2 ,  t h e  compound wave w i l l b e  s e m i d i u r n a l  
f o r  a l l  v a l u e s  o f  E and when L i s  g r e a t e r  t h a n  4, t h e  compound wave w i l l  
be  d i u r n a l  f o r  a l l  v a l u e s  o f  p. W h e n R h a s  a v a l u e  b e t w e e n  2 a n d  4, t h e  
compound wave may be  e i t h e r  d i u r n a l  or s e m i d i u r n a l  d e p e n d i n g  upon t h e  
p h a s e  r e l a t i o n  E. 

I n  g e n e r a l ,  t h e  p r e d o m i n a t i n g  c o n s t i t u e n t  i n  t h e  s e m i d i u r n a l  wave i s  
M, w h i l e  t h e  d i u r n a l  wave c o n s i s t s  p r i m a r i l y  o f  c o n s t i t u e n t s  K, a n d  0, 
u n i t i n g  i n  . d i f f e r e n t  p h a s e  r e l a t i o n s  t h r o u g h o u t  t h e  t r o p i c a l  month .  A l -  
t h o u g h  b o t h  t h e  s e m i d i u r n a l  a n d  d i u r n a l  waves  a r e  b e i n g  c o n t i n u a l l y  mod- 
i f i e d  by t h e  p r e s e n c e  o f  o t h e r  c o n s t i t u e n t s ,  t h e  e f f e c t s  o f  t h e  l a t t e r  
a r e  t o  a l a r g e  e x t e n t  a v e r a g e d  o u t  o v e r  a l o n g  p e r i o d  o f  t i m e .  I f  w e  
c o n s i d e r  o n l y  t h e  t h r e e  p r i n d i p a l  c o n s t i t u e n t s  a t  t h i s  t i m e ,  t h e  r a t i o R  
o f  t h e  p r e c e d i n g  d i s c u s s i o n  w i l l  e q u a l  (K,tO,)/M, a t  t h e  t ime of t h e  t r o p i c  
t i d e s  a n d  C(K,+O,)/M, a t  o t h e r  t imes d u r i n g  t h e m o n ' t h ;  a n d  t h e  p h a s e  d i f -  
f e r e n c e P e x p r e s s e d  i n  d e g r e e s  o f t h e  d i u r n a l  wave w i l l  e q u a l  %(Mi-K:-O:) 
a t  t h e  t i m e  of t h e  t r o p i c  t i d e s  and %(Mi-Ki-O:) +x a t  o t h e r  t imes d u r i n g  
t h e  month.  t h e  r a t i o  (K,tO,)/M, w i l l  b e w r i t t e n  "KO/M", and 
t h e  p h a s e  d i f f e r e n c e  %(ME-K;-O:) w i l l  be  c o n t r a c t e d  t o  "MKO". 

For b r e v i t y ,  

A c c e l e r a t i o n  i n  s e m i d i u r n a l  t i d e  d u e  t o  d i u r n a l  wave.- The times o f  
t h e  h i g h  a n d  low w a t e r s  o f  t h e  s e m i d i u r n a l  wave may b e  a c c e l e r a t e d  or 
r e t a r d e d ,  t h a t  is t o  s a y ,  made t o  o c c u r  e a r l i e r  or l a t e r ,  b e c a u s e  o f  t h e  
p r e s e n c e  of t h e d i u r n a l  wave. A r e t a r d a t i o n  w i l l  be  c o n s i d e r e d  a s  a n e g -  
a t i v e  a c c e l e r a t i o n .  T h e r e  a r e  two h i g h  w a t e r s  and  two low wa te r s  o f  t h e  
s e m i d i u r n a l  wave w h i c h  o c c u r  w i t h i n  a s i n g l e  p e r i o d  o f  t h e  d i u r n a l  wave 
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a n d  e a c h  o f  t h e s e  may be a f f e c t e d  d i f f e r e n t l y  by t h e  d i u r n a l  wave.  T h e r e -  
f o r e ,  t h e r e  s h o u l d  be 4 v a l u e s  f o r t i m e  ( t )  or a n g l e  ( a t )  which  w i l l  s a t -  
i s f y  t h e  d e r i v e d  e q u a t i o n  ( 6 5 ) ,  p r o v i d e d R a n d P a r e  w i t h i n  t h e  c r i t i c a l  
l i m i t s  f o r  a s e m i d i u r n a l  t i d e .  For c o n v e n i e n c e  o f  i d e n t i f i c a t i o n ,  t h e  
h i g h  w a t e r  c o r r e s p o n d i n g  t o  t h e  maximum o f  t h e  s e m i d i u r n a l  wave t a k e n  f o r  
t h e  t ime o r i g i n  w i l l  b e  c a l l e d  t h e  "1st h i g h  w a t e r "  a n d  t h e  s u c c e d i n g  
t i d e s  d e s i g n a t e d  a s ' l l s t  low w a t e r " ,  "2nd h i g h  wa te r ' ' ,  a n d " 2 n d  l o w w a t e r " ,  
res pec  t i v e  1 y. 

V a l u e s  of  a t c o r r e s p o n d i n g  t o  t h e  two maxima o f  t h e  s e m i d i u r n a l  wave 
a r e  0" and 1 8 0 "  and  t h o s e  c o r r e s p o n d i n g  t o  t h e  two minima a r e  90" and  
270".  L e t t i n g  t h e  a c c e l e r a t i o n s  d u e  t o  t h e  p r e s e n c e  o f  t h e  d i u r n a l  wave 
be L', A', a', and g', r e s p e c t i v e l y ,  a l l  e x p r e s s e d  i n  d e g r e e s  of t h e  d i -  
u r n a l  wave,  t h e  v a l u e s  o f  a t c o r r e s p o n d i n g  t o  t h e  maxima a n d  minima of 
t h e  compound wave a r e  (OO-a'), (180°-a") ,  ( 9 0 ° - b ' ) ,  and  (270°-b") .  Sub-  
s t i t u t i n g  t h e s e  v a l u e s  s u c c e s s i v e l y  i n e q u a t i o n  (65) and r e d u c i n g  t o s i m p l e  
f o r m s ,  w e  o b t a i n -  

2 s i n  2 a '  = R s i n  ( P - a ' )  . . . . . . . . . . . . . . . .  . ( 6 9 )  

2 s i n  2a"  =-R s i n  (P-a")  . . . . . . . . . . . . . . . .  . ( 7 0 )  

2 s i n  2 b '  =-R c o s  ( P - b ' )  . . . . . . . . . . . . . . . .  . ( 7 1 )  

2 s i n  2b" = R c o s  (P-b") . . . . . . . . . . . . . . . .  . ( 7 2 )  

E q u a t i o n s  ( 6 9 )  t o  ( 7 2 )  a r e  s i m i l a r  i n  form and a se t  o f  n u m e r i c a l  
v a l u e s  d e r i v e d  f rom one  w i l l  b e  a p p l i c a b l e  t o  a l l  w i t h  a s u i t a b l e  a l l o w -  
a n c e  i n  t h e  a r g u m e n t  E. They d o  n o t  a d m i t  o f  a s i m p l e  d i r e c t  s o l u t i o n ,  
b u t  b y  a s y s t e m  o f  t r i a l s  and  a p p r o x i m a t i o n s ,  n u m e r i c a l  v a l u e s  have  b e e n  
o b t a i n e d  w h i c h  a r e  i n c l u d e d  i n  T a b l e s  8 and 8 a ,  t h e  f i r s t  c o n t a i n i n g  a c -  
c e l e r a t i o n s  f o r  t h e  HHW's a n d  LLW's, a n d  t h e  l a t t e r  t h e  a c c e l e r a t i o n s  f o r  
t h e  LHW'S and HLW'S. I n  e i t h e r  c a s e  t h e  p h a s e  d i f f e r e n c e &  i s  u s e d  as  
t h e  a r g u m e n t  when o b t a i n i n g  t h e  h i g h  w a t e r  a c c e l e r a t i o n s  b u t  t h i s  a r g u -  
ment i s  t o  b e  changed  by k 90" f o r  t h e  low water, a c c e l e r a t i o n s .  T a b l e s  
8 a n d  8a  a r e  e x p r e s s e d  i n  d e g r e e s  o f  t h e  d i u r n a l  wave. C o r r e s p o n d i n g  
v a l u e s .  r e d u c e d  t o  s o l a r  h o u r s  a r e  g i v e n  i n  t a b l e s  9 and  9a. 

T r o p i c  l u n i t i d a l  i n t e r v a l s . -  The i n t e r v a l s  p e r t a i n i n g  t o  t h e  t r o p i c  
t i d e s  may b e  o b t a i n e d  by  a p p l y i n g  t h e  a c c e l e r a t i o n s  f r o m  t a b l e s  9 and  9a 
t o  t h e  mean i n t e r v a l s  f rom f o r m u l a s  (34) a n d  (35). As a r g u m e n t s  f o r  e n -  
t e r i n g  t h e s e  t a b l e s ,  t h e  a m p l i t u d e  r a t i o  may be  t a k e n  e q u a l  t o  KO/M a s  
a s u f f i c i e n t l y  c l o s e  a p p r o x i m a t i o n ,  b u t  f o r  t h e  p h a s e  d i f f e r e n c e  t h e  e f -  
f e c t s  o f  M, and M, on t h e  s e m i d i u r n a l  wave s h o u l d  be  i n c l u d e d .  T h e s e  
e f f e c t s  a r e  r e p r e s e n t e d  by t h e  a c c e l e r a t i o n s  y and i n  t h e  t i m e s  of t h e  
h i g h  and low waters ,  r e s p e c t i v e l y .  I n c l u d i n g  t h e s e  a c c e l e r a t i o n s ,  w h i c h  
a r e  h a l v e d  f o r  e x p r e s s i n g  i n  d e g r e e s  o f  t h e  d i u r n a l  wave, t h e  p h a s e  d i f -  
f e r e n c e  a r g u m e n t s  f o r  t h e  t r o p i c  t i d e s  become MKO-Xv f o r  t h e  h i g h  w a t e r  
a n d  MKO-%w590" f o r  t h e  low w a t e r .  U s i n g  t h e  a r g u m e n t s  i n d i c a t e d  i n  t h e  
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t a b l e s ,  t h e  t r o p i c  i n t e r v a l s  may b e  e x p r e s s e d  by t h e  f o l l o w i n g  f o r m u l a s -  

TcHHWI = Mean HWI - HW a c c e l e r a t i o n ,  t a b l e  9 . . . . . . . . ( 7 3 )  

TcLLWI = Mean LWI - LW a c c e l e r a t i o n ,  t a b l e  9 . . . . . . . . ( 7 4 )  

TcLHWI = Mean HWI - HW a c c e l e r a t i o n ,  t a b l e  9a.  . . . . . . . ( 7 5 )  

TcHLWI = Mean LWI - LW a c c e l e r a t i o n ,  t a b l e  9a .  . . . . . . . ( 7 6 )  

Assuming t h a t  t h e m e a n  HWI i n  h o u r s  i s  a p p r o x i m a t e l y  e q u a l  t o  M,"/29, 
t h e  t r o p i c  HHWI w i l l  be r e f e r r e d  t o  t h e  " a "  t r a n s i t  and  t h e  t r o p i c  LtIyI 
t o  t h e  "b" t r a n s i t  when t h e  p h a s e  d i f f e r e n c e  MKO-gv i s  i n  t h e  1s t  o r  4 t h  
q u a d r a n t s ;  o t h e r w i s e  t h e  t r a n s i t  r e f e r e n c e  w i l l  be  r e v e r s e d .  I f  t h i s  p h a s e  
d i f f e r e n c e  i s  e x a c t l y  90" o r  270" ,  t h e  two h i g h  w a t e r s  w i l l  be  o f  e q u a l  
h e i g h t ,  o n e  b e i n g  a c c e l e r a t e d  and  t h e  o t h e r  r e t a r d e d .  The a c c e l e r a t e d  
t i m e  c o r r e s p o n d i n g  t o  t h e  90" a r g u m e n t  o r  t h e  r e t a r d e d  t i m e  c o r r e s p o n d i n g  
t o  t h e  270"  a r g u m e n t  w i l l  be  r e f e r r e d .  t o  t h e  "a" t r a n s i t ,  t h e  o t h e r  h i g h  
w a t e r  i n  e i t h e r  c a s e  b e i n g  r e f e r r e d  t o  t h e  "b" t r a n s i t .  I f  t h e  mean HWI 
d i f f e r s  b y  a p p r o x i m a t e l y  1 2  h o u r s  f r o m  M,0/29, t h e  a b o v e  h i g h  w a t e r  r e f e r -  
e n c e s  w i l l  b e  r e v e r s e d .  

Assuming t h a t  mean LWI i s  a p p r o x i m a t e l y  e q u a l  t o  (M;+18O0)/29, t h e  
t r o p i c  LLWI w i l l  b e  r e f e r r e d  t o  t h e  "all t r a n s i t  a n d  t h e  t r o p i c  HLWI t o  
t h e  "b" t r a n s i t  when t h e  p h a s e  d i f f e r e n c e  MKO-%w is i n  t h e  1st o r  2nd 
q u a d r a n t s ;  o t h e r w i s e  t h e  t r a n s i t  r e . f e r e n c e  w i l l  be  r e v e r s e d .  I f  t h i s  p h a s e  
d i f f e r e n c e  i s  e x a c t l y  e q u a l  t o  0"  or 1 8 0 ° ,  t h e  two low w a t e r s  w i l l  be  of  
e q u a l  h e i g h t ,  one  b e i n g  r e t a r d e d  a n d t h e  o t h e r  a c c e l e r a t e d ,  The r e t a r d e d  
t i m e  c o r r e s p o n d i n g  t o  t h e  0"  d i f f e r e n c e  o r  t h e  a c c e l e r a t e d  t i m e  c o r r e -  
s p o n d i n g  t a  t h e  180" d i f f e r e n c e  w i l l  be  r e f e r r e d  t o  t h e  " B "  t r a n s i t ,  t h e  
o t h e r  l o w  water  i n e i t h e r  case  b e i n g  r e f e r r e d  t o  t h e  "b" t r a n s i t .  If t h e  
mean LWI d i f f e r s  by a p p r o x i m a t e l y  1 2  h o u r s  f rom (M;+18O0)/29, a l l  o f  t h e  
a b o v e  low w a t e r  r e f e r e n c e s  w i l l  b e  r e v e r s e d ,  

The  "b" i n t e r v a l s  c a n b e  r e f e r r e d  t o  t h e  "a" t r a n s i t  by t h e  a d d i t i o n  
o r  s u b t r a c t i o n  o f  12.42 h o u r s ,  a n d  f o r  t h e  p u r p o s e  of  u n i f o r m i t y  i t  i s  
recommended t h a t  a l l  t r o p i c  i n t e r v a l s  b e  r e f e r r e d  t o  t h e  Ira1' t r a n s i t .  

The  a v e r a g e  o f  t h e L u n i t i d a 1  i n t e r v a l s  p e r t a i n i n g  t o  t h e  h i g h e r  h i g h  
w a t e r s  o r  t o  t h e  l o w e r  low w a t e r s  o v e r  a p e r i o d  o f  a month o r  more i s  
known a s  t h e  mean h i g h e r  h i g h  water i n t e r v a l  o r  mean lower low w a t e r  i n -  
t e r v a l .  S u c h  a v e r a g e s ,  however  u s u a l l y  i n c l u d e  i n t e r v a l s  r e f e r r e d  t o b o t h  
"a" and  "b" t r a n s i t s ,  t h e  mean b e i n g  marked  a c c o r d i n g  t o t h e  r e f e r e n c e  a t  
t h e  t i m e  of t h e  t r o p i c  t i d e s .  The i n c o n g r u i t y  o f  i n c l u d i n g  i n  t h e  means 
i n t e r v a l s  r e f e r r e d  t o d i f f e r e n t  t r a n s i t s  s e r v e s  t o  o b s c u r e  a n y  d e f i n i t i o n  
o f  t h e  q u a n t i t i e s  and  t h e r e f o r e  n o  a t t e m p t  i s  made h e r e  t o  d e r i v e  them 
f r o m  t h e  h a r m o n i c  c o n s t a n t s .  

Maximum a n d  minimum h e i g h t s  o f  compound wave.-  By s u b s t i t u t i n g  i n  
f o r m u l a  (64) t h e  v a l u e s  of& c o r r e s p o n d i n g  t o  t h e  t i m e s  of  t h e  maxima and  



1 9  

minima,  t h e  c o r r e s p o n d i n g  h e i g h t s  o f  t h e  h i g h  a n d  low w a t e r s  may Le ob- 
t a i n e d ,  t h e s e  h e i g h t s  b e i n g  r e f e r r e d  t o t h e  mean w a t e r  l e v e l .  L e t  H '  and 
H" r e p r e s e n t  t h e  h e i g h t s  o f  t h e  1st a n d  2nd h i g h  w a t e r s ,  and  L '  and L" 
t h e  h e i g h t s  o f  t h e  1st a n d  2nd  low w a t e r s .  The v a l u e s  o f  at c o r r e s p o n d -  
i n g  t o  t h e  t imes o f  t h e s e  h e i g h t s  a r e  ( 0 ' - a ' ) ,  (180 ' -a") ,  (90 ' -b ' ) ,  a n d  
(270'-b"), r e s p e c t i v e l y .  Making t h e  s u b s t i t u t i o n s  i n  f o r m u l a  ( 6 4 )  a n d  
r e d u c i n g ,  w e  o b t a i n -  

H '  = c o s  2 a '  + R c o s  ( P - a ' )  . . . . . . . . . . . . . . .  ( 7 7 )  

HI '  = c o s  2a"  - R c o s  (P-a")  . . . . . . . . . . . . . . . .  ( 7 8 )  

L '  =-cos 2 b '  - R s i n  (P-b ' )  . . . . . . . . . . . . . . . .  ( 7 9 )  

L" =-cos 2b" t R s i n  (P-b")  . . . . . . . . . . . . . . .  ( 8 0 )  

I n  t h e  a b o v e  f o r m u l a s  t h e a m p l i t u d e  of t h e  s e m i d i u r n a l  wave i s  t a k e n  
a s  u n i t y  a n d  t h e  v a l u e s  o b t a i n e d  a r e  t o  be u s e d  a s  f a c t o r s  t o  b e  a p p l i e d  
t o  t h e  a c t u a l  a m p l i t u d e  o f  t h e  s e m i d i u r n a l  wave,  t h e  a v e r a g e  m a g n i t u d e  
o f  t h e  l a t t e r  b e i n g  a p p r o x i m a t e l y  t h e  a m p l i t u d e  o f  c o n s t i t u e n t  M,. F a c t o r s  
f o r  t h e  h i g h e r  h i g h  w a t e r s  a r e g i v e n  b y  f o r m u l a  ( 7 7 )  w h e n P  is i n  t h e  1st 
or 4 t h  q u a d r a n t  a n d b y  f o r m u l a  (7R) w h e n P  i s  i n  t h e  2nd or 3 r d  q u a d r a n t ,  
w h i l e  f a c t o r s  f o r  t h e  l o w e r  h i g h  wa te r s  a r e  g i v e n  by t h e  same f o r m u l a s  
w h e n P  i s  i n  one o f  t h e  o p p o s i t e  q u a d r a n t s .  F a c t o r s  f o r  t h e  l o w e r  low 
w a t e r s  a r e g i v e n  by formula  ( 7 9 )  w h e n z  is i n  t h e  1st or 2nd q u a d r a n t  a n d  
by f o r m u l a  ( 8 0 )  w h e n P  i s  i n  t h e  3 r d  or 4 t h  q u a d r a n t .  F a c t o r s  f o r  t h e  
h i g h e r  low wa te r s  a r e  g i v e n  by t h e  same f o r m u l a s  when E i s  i n  one o f  t h e  
o p p o s i t e  q u a d r a n t s ,  The h i g h  w a t e r  f a c t o r s ,  however ,  a r e  a p p l i c a b l e  
t o  t h e  low w a t e r s  i f  t h e  p h a s e  d i f f e r e n c e  is changed by  90"  and  t h e  s i g n  
of t h e  f a c t o r  r e v e r s e d .  F a c t o r s  i n t a b l e  1 0  a r e  a p p l i c a b l e  t o  t h e  h i g h e r  
h i g h  and lower  l o w w a t e r s ,  a n d  f a c t o r s  i n  t a b l e  10a  a r e  a p p l i c a b l e  t o  t h e  
lower  h i g h  and  h i g h e r  low w a t e r s .  

S e q u e n c e  o f  t i d e . -  The s e q u e n c e  i n  w h i c h  t h e  HHW, LHW, HLW, a n d  LLW 
o c c u r  w i l l  d e p e n d  upon t h e  p h a s e  d i f f e r e n c e  P i n  t h e  a b o v e  f o r m u l a s .  The 
o r d e r  o f  o c c u r r e n c e  i s s h o w n  i n  t h e  f o l l o w i n g  t a b l e .  I n  c e r t a i n  c a s e s  t h e  
two h i g h  w e t e r s  or t h e  two low w a t e r s  w i l l  be  of e q u a l  h e i g h t  and t h e s e  
a r e  i n d i c a t e d  by t h e  a s t e r i s k  ( * )  i n  t h e  t a b l e .  ' T h e r e  a r e  a l s o  shown which  
t i d e s  a r e  a c c e l e r a t e d  and w h i c h  o n e s  a r e  r e t a r d e d ,  t h e  a c c e l e r a t e d  t i d e s  
b e i n g  marked by t h e  p l u s  (t) s i g n  a n d  t h e  r e t a r d e d  t i d e s  by t h e  minus ( -1 
s i g n ,  w h i l e  R ( 0 )  i n d i c a t e s  n o  c h a n g e  i n  time d u e  t o  t h e  d i u r n a l  wave. 

1st q u a d r a n t  : HHW t : LLW - : LHW - : HLW + 

2nd q u a d r a n t  : LHW t : LLW f.: HHW - : HLW - 
: LHW o : LW* + : HHW o :. LW* - 

3 r d  q u a d r a n t  : LHW - : HLW t : HHW + : LLw - 
4 t h  q u a d ' r a n t  : HHW - : HLW - : LHW t : LLW t 

: HW* t : LLW o : HW* - : HLW o 90 ' 

180" 

270' : HW* - : HLW o : HW* t : LLW o 
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H e i g h t  i n e q u a l i t i e s . -  The t r o p i c  h i g h  w a t e r  i n e q u a l i t y  ( H W Q )  i s  t h e  
d i f f e r e n c e  i n  t h e  h e i g h t  o f  t h e  two h i g h  w a t e r s  o f  t h e  d a y  a t  t h e  t i m e  
o f  t h e  t r o p i c  t i d e s ,  and  t h e  t r o p i c  low w a t e r  i n e q u a l i t y  (LWQ) i s  t h e  
c o r r e s p o n d i n g  d i f f e r e n c e  i n h e i g h t  o f  t h e  t w o  l o w  w a t e r s .  The mean d i u r -  
n a l  h i g h  w a t e r  i n e q u a l i t y  (DHQ) is t h e  d i f f e r e n c e  i n  h e i g h t  b e t w e e n  t h e  
mean o f  a l l  h i g h e r  h i g h  w a t e r s  a n d  t h e  mean o f  a l l  h i g h  w a t e r s  o v e r  a 
p e r i o d  o f  a month or more and  i s  t h e r e f o r e  o n e - h a l f  t h e  d i f f e r e n c e  be tween 
t h e  mean o f t h e h i g h e r  h i g h  w a t e r s  and lower h i g h  w a t e r s .  S i m i l a r l y ,  t h e  
mean d i u r n a l  l o w w a t e r  i n e q u a l i t y  (DLQ) i s  t h e d i f f e r e n c e  b e t w e e n  t h e  mean 
o f  t h e  l o w e r  low w a t e r s  and  o f  a l l  low w a t e r s ,  or o n e - h a l f  t h e  d i f f e r e n c e  
b e t w e e n  t h e  mean lower low a n d  t h e  mean h i g h e r  low w a t e r .  T a b l e  11 c o n -  
t a i n s  d i u r n a l  i n e q u a l i t y  f a c t o r s  d e r i v e d  by d i f f e r e n c e s  f rom t a b l e s  1 0  
a n d  l o a .  The t a b u l a r  f a c t o r  m u l t i p l i e d  by  t h e  a m p l i t u d e  o f  t h e  s e m i -  
d i u r n a l  wa;e w i l l  g i v e  t h e  d i f f e r e n c e  b e t w e e n  t h e  h i g h e r  h i g h  a n d  lower 
h i g h  or b e t w e e n  t h e  h i g h e r  low and  l o w e r  low wa te r .  For t h e  low w a t e r  
i n e q u a l i t y ,  t h e  p h a s e  d i f f e r e n c e  i s  t a k e n  90" d i f f e r e n t  f rom t h a t  u s e d  f o r  
t h e  h i g h  w a t e r  i n e q u a l i t y .  W i t h  c e r t a i n  p h a s e  r e l a t i o n s ,  t h e  h e i g h t  i n -  
e q u a l i t i e s  may b e  m o d i f i e d  by t h e  p r e s e n c e  o f  c o n s t i t u e n t  P , ,  t h e  e f f e c t s  
o f  w h i c h  a r e  n o t  i n c l u d e d  i n  t h e  f a c t o r s  o f  t a b l e  11 b u t  w i l l  be g i v e n  
f u r t h e r  c o n s i d e r a t i o n .  

R e l a t i o n  mean t i d e  l e v e l  t o m e a n  w a t e r  l e v e l . -  A l t h o u g h  f o r  p r a c t i c a l  
p u r p o s e s  t h e  mean t i d e  l e v e l  o b t a i n e d  by a v e r a g i n g  t h e  h e i g h t s  o f  t h e  h i g h  
a n d  low wa te r s  i s o f t e n  t a k e n  a s  t h e  a p p r o x i m a t e  e q u i v a l e n t  o f  mean w a t e r  
l e v e l  d e r i v e d  f r o m  t h e  h o u r l y  h e i g h t s  of  t h e  t i d e ,  t h e  two d a t u m s  may a t  
times d i f f e r  a s  much a s  a t e n t h  o f  a f o o t  or more. The two p r i n c i p a l  
c a u s e s  c o n t r i b u t i n g  t o  t h i s  d i f f e r e n c e  a r e  t h e  h a r m o n i c  M, a n d  t h e  d i u r n a l  
wave r e p r e s e n t e d  by  c o n s t i t u e n t s  K, and 0,. 

For t h e e f f o c t  o f  M, ,  l e t  P, = p h a s e  r e l a t i o n  (2My-M,"), a n d v '  and  w '  
t h e  a c c e l e r a t i o n s  i n  t h e  s e m i d i u r n a l  h i g h  and  low w a t e r s ,  r e s p e c t i v e l y ,  
d u e  t o  the p r e s e n c e  o f  M,. C o n s i d e r i n g  o n l y  t h e  p r i n c i p a l  s e m i d i u r n a l  
c o n s t i t u e n t  M, and i t s  h a r m o n i c  M,, t h e  r e s u l t a n t  h i g h  and  low w a t e r s  re -  
f e r r e d  t o  t h e  mean w a t e r  l e v e l  may b e  e x p r e s s e d  a s  f o l l o w s -  

HW = M,cos v '  + M, c o s  ( P 4 - 2 v ' )  . . . . . . . . . . . . .  ( 8 1 )  

LW =-M,cos W '  + M4 C O S  ( P , - ~ W ' )  . . . . . . . . . . . . .  ( 8 2 )  

Then f o r t h e  e l e v a t i o n  o f  mean t i d e  l e v e l -  

%(HW+LW) = m 2 ( c o s  v ' -cos  w ' )  

+ M, C O S  ( v ' - w ' )  C O S  (P,-v ' -w')  . . . . . . . . . . . . .  ( 8 3 )  

As v '  a n d  w '  a r e  u s u a l l y  s m a l l  w i t h  o p p o s i t e  s i g n s ,  t h e  a b o v e  may be re- 
p r e s e n t e d  a p p r o x i m a t e l y  b y  t h e  s i m p l i f i e d  e x p r e s s i o n -  

%(HW+LW) = M, COS P, = M, COS (2M,O-M,O). . . . . . . . . .  ( 8 4 )  
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I t  w i l l  b e n o t e d  t h a t  ( 8 4 )  i s  p o s i t i v e  w i t h  a n u p w a r d  d i s p l a c e m e n t  of  
mean t i d e  l e v e l  when (2M,O-M,") i s  i n t h e  1st o r 4 t h  q u a d r a n t s ,  a n d  n e g a t i v e  
w i t h  a downward d i s p l a c e m e n t  when t h i s  p h a s e  d i f f e r e n c e  is i n  t h e  2nd or 
3 r d  q u a d r a n t s .  

For t h e  e f f e c t  o f  t h e  d i u r n a l  wave, l e t  E a n d P  r e p r e s e n t  r e s p e c t i v e -  
l y  t h e  a m p l i t u d e  r a t i o  and  t h e  h i g h  w a t e r  p h a s e  d i f f e r e n c e  b e t w e e n  t h e  
d i u r n a l  a n d  s e m i d i u r n a l  waves .  The e l e v a t i o n  o f  mean t i d e  l e v e l  a b o v e  
mean w a t e r  l e v e l  d u e  t o  t h e  p r e s e n c e  o f  t h e  d i u r n a l  wave may t h e n  be e x -  
p r e s s e d  by  t h e  f o l l o w i n g  f o r m u l a -  

%(IIHW+LHW+HLW+LLW) = - 1 / 1 6  M, R' c o s  2 P  . . . . . . . . . ( 8 5 )  

For t h e  t r o p i c  t i d e s ,  &may be  t a k e n  a s  a p p r o x i m a t e l y  e q u a l  t o  KO/M 
a n d P  e q u a l  t o  MKO. A t  o t h e r  t imes d u r i n g  t h e  t r o p i c a l  month ,  t h e  r a t i o  
- R w i l l  b e  m o d i f i e d  by t h e  f a c t o r  C f r o m  t a b l e  6 and t h e  p h a s e  r e l a t i o n 1  
w i l l  be m o d i f i e d  by t h e  d i f f e r e n c e  5 f r o m  t a b l e  7 ,  t ,hese  m o d i f i c a t i o n s  
d e p e n d i n g  upon t h e  r a t i o  O, /K , .  I f  t h i s  r a t i o  i s  t a k e n  a s  0 .7  i n  a c c o r d -  
a n c e  w i t h  t h e  t h e o r e t i c a l  c o e f f i c i e n t s  o f  t h e  c o n s t i t u e n t s ,  i t  w i l l  be  
f o u n d  t h a t  t h e  mean v a l u e  o f  f o r m u l a  ( 8 5 )  f o r  t h e  e n t i r e  month i s  0.485 
times i t s  v a l u e  a t  t h e  time o f  t h e  t r o p i c  t i d e s .  Making t h e  n e c e s s a r y  
s u b s t i t u t i o n s ,  w e  t h e n  have  for t h e  mean d i s p l a c e m e n t  of  t h e  mean t i d e  
l e v e l  d u e  t o  t h e  d i u r n a l  wave t h e  f o l l o w i n g -  

U(HHW+&HWtHLW+LLW) = -0.030 M ,  (KOlM)' c o s  2(MKO) 

= -0.030 (K,+O,)(KO/M) c o s  2(MKO) . . . ( E 6 1  

A l t h o u g h  t h e  n u m e r i c a l  c o e f f i c i e n t  i n  t h e  a b o v e  f o r m u l a  i s  b a s e d  upon a n  
assumed r a t i o  o f 0 . 7  f o r  O , / K , ,  i t  may b e u s e d  w i t h o u t  m a t e r i a l  e r r o r  when 
O,/K, The f o l l o w i n g  
s c h e d u l e  g i v e s  t h e  c o e f f i c i e n t s  c o r r e s p o n d i n g  t o  d i f f e r e n t  r a t i o s  f o r  
O,/K, or i t s  r e c i p r o c a l ,  t h e  r a t i o  b e i n g  f o l l o w e d  by  t h e  c o e f f i c i e n t  i n  
p a r e n t h e s e s ;  O . O t O . O O O ) ,  0 . 1  ( . 0 0 9 ) ,  0 . 2 ,  ( . 0 1 7 ) ,  0 . 3  ( . 0 2 2 ) ,  0 . 4  ( . 0 2 6 ) ,  
0.5 ( . 0 2 8 ) ,  0 .6  ( . 0 2 9 ) ,  0.7 ( . 0 3 0 ) ,  0.8 ( . 0 3 1 ) ,  0 .9  ( . 0 3 1 ) ,  1 . 0  ( . 0 3 1 ) .  

0.r i t s r e c i p r o c a l  h a s  a n y  v a l u e  b e t w e e n  0 .5  and  1 .0 .  

Combining  ( 8 4 )  and  ( 8 6 )  i n t o  a s i n g l e  f o r m u l a  t o i n c l u d e  t h e  e f f e c t s  
of b o t h  d i s t u r b i n g  i n f l u e n c e s ,  w e  h a v e -  

MTL-MWL = M, c o s  (2M,O-M,") - 0 . 0 3  (K,+O,)(KO/M) c o s  2(MKO) . .(87) 
E f f e c t  o f  P ,  .- The p r i n c i p a l  s o l a r  d i u r n a l  c o n s t i t u e n t  P, h a s  a s p e e d  

t h a t  is  i n c o m m e n s u r a b l e  w i t h  t h a t  of  t h e  l u n a r  d i u r n a l  wave and  f o r  t h i s  
r e a s o n  i t s  e f f e c t s  on t h e  l a t t e r  may b e  e x p e c t e d  t o  be a v e r a g e d  o u t  t o  
c o n s i d e r a b l e  e x t e n t  i n  a s e r i e s  o f  o b s e r v a t i o n s  e x t e n d i n g  o v e r  a y e a r  or 
more.  However ,  s i n c e  i n  t h e  t a b u l a t i o n s  o f  t h e  o b s e r v a t i o n  t h e  H H W ' s ,  
LHW's, HLW's a n d  LLW's a r e  s e l e c t e d  a c c o r d i n g  t o  t h e i r  a c t u a l  r e l a t i v e  
h e i g h t s  r a t h e r  t h a n  by  t h e  t h e o r e t i c a l  s e q u e n c e  o f  o c c u r r e n c e ,  t h e  mean 
h e i g h t  o f  a n y  group may b e  a f f e c t e d  when t h e  a m p l i t u d e  of  P ,  is s u f f i -  
c i e n t l y  l a r g e  t o  r e v e r s e  t h e  s e q u e n c e .  
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The f o l l o w i n g  i s  b a s e d  upon a d i s c u s s i o n  i n H a r r i s ' s  Manual  o f  T i d e s ,  
P a r t  111 ,  p a g e s  145-146. For  c o n v e n i e n c e ,  r e f e r e n c e  i s  made t o  t h e  h i g h  
w a t e r s  and t o t h e  h i g h  wa te r  i n e q u a l i t y  b u t t h e  d i s c u s s i o n  a p p l i e s  e q u a l l y  
w e l l  t o  t h e  low w a t e r s  and  t h e  low w a t e r  i n e q u a l i t y .  

L e t  Q'  = d i f f e r e n c e  HHW-LHW d u e  t o  l u n a r  d i u r n a l  wave ( t a b l e  1 1 )  

Q = c o r r e s p o n d i n g  d i f f e r e n c e  i n c l u d i n g  P, e f f e c t  

L = Q'/2P1.  Then Q ' =  2P,L . . . . . . . . . . . . . . (88) 
When 1 i s  g r e a t e r  t h a n  u n i t y ,  9' t h e n  b e i n g  g r e a t e r  t h a n  2 P , ,  t h e  l a t t e r  
c a n n o t  c a u s e  a r e v e r s a l  i n t h e  o r d e r  o f  t h e  t w o h i g h  w a t e r s  and  t h e i r  mean 
h e i g h t s  and  i n e q u a l i t y  w i l l  b e  u n a f f e c t e d .  W h e n L i s  l e s s  t h a n  u n i t y ,  a 
r e v e r s a l  may or may n o t  t a k e  p l a c e  d e p e n d i n g  upon t h e  p h a s e  r e l a t i o n  b e -  
t w e e n  t h e  s o l a r  and  l u n a r  waves  a t  t h e  t i m e ,  t h i s  p h a s e  r e l a t i o n  c h a n g i n g  
c o n t i n u a l l y  t h r o u g h o u t  t h e  t r o p i c a l  y e a r .  

L e t  p h a s e  o f  P, a t  t h e  t i m e  o f  o n e o f  t h e  s e m i d i u r n a l  h i g h w a t e r s .  
The p h a s e  o f  P, a t  t h e  f o l l o w i n g  s e m i d i u r n a l  h i g h  w a t e r  w i l l  t h e n  be  a p -  
p r o x i m a t e l y  (Xt180 ' ) .  One of t h e s e  h i g h  w a t e r s  w i l l  t h e n  be  i n c r e a s e d  i n  
h e i g h t  by P, c o s  X and  t h e  o t h e r  l o w e r e d  b y  t h e  same amount ,  t h e  d i u r n a l  
i n e q u a l i t y  t h a t  P, t e n d s  t o  i n t r o d u c e  b e i n g  2P, cos X .  When X= cos-'L, 
t h i s  i n e q u a l i t y  e q u a l s  2P,L or 0'. The P, i n e q u a l i t y ,  a l w a y s  t a k e n  a s  
p o s i t i v e ,  w i l l  t h e r e f o r e  e x c e e d  Q '  whe'n X f a l l s  b e t w e e n  t h e  l i+ts 0" a n d  
2 cos-'L or b e t w e e n  t h e  l i m i t s  1 8 0 "  a n d  1 8 0 ° ~ c o s - ' L ,  and  w i l l  b e  less 
t h a n  Q '  d u r i n g  t h e  r e m a i n d e r  of t h e  c y c l e .  

Tpe a y e r a g e  v a l u e  o f  c o s  X b e t w e e n  t h e  l i m i t s  X=O a n d  X=cos-'L i s  
( l - L 2 ) ' / c ~ s - ' L  w i t h c o s - ' L  e x p r e s s e d  i n  t h e  r a d i a n u n i t .  The  a v e r a  e P i n -  
e q u a l i t y  d u r i n g  t h e  p e r i o d  t h a t  i t  e x c e e d s  Q '  i s  t h e r e f o r e  2P,(1-L3)f / .co~- 'L,  
and d u r i n g  t h i s  p e r i o d  i n  w h i c h  t h e  P, i n e q u a l i t y  p r e d o m i n a t e s  o v e r  t h e  
l u n a r  i n e q u a l i t y ,  t h e  l a t t e r  may b e  c o n s i d e r e d  a s  b e i n g  a p p r o x i m a t e l y  
a v e r a g e d  o u t .  For t h e  r e m a i n d e r  of  t h e  c y c l e ,  t h e  Q '  i n e q u a l i t y  predom- 
i n a t e s  w i t h  t h e  q f f e c t  o f  P, a v e r a g e d  o u t .  The r e s p e c t i v e  w e i g h t s  t o  b e  
g i v e n  t o t h e  two p a r t s  t o  o b t a i n  a mean f o r  t h e  e n t i r e  c y c l e  a r e  2 cos-'L 
a n d  ( n - 2  cos-'L). The mean i n e q u a l i t y  c o r r e c t e d  f o r  P, may t h e n  be  
w r i t  t e n  - 

Q = 1 / ~ [ 4 P 1 ( 1 - L 2 ) %  f Q '  ( T - 2  cos- 'L) ] .  . . . . . . . . . (89) 
i n  w h i c h  cos-'L i s  e x p r e s s e d  i n  t h e  r a d i a n  u n i t .  

T r a n s p o s i n g ,  c o m b i n i n g  w i t h  ( 8 8 ) .  and e x p r e s s i n g  cos-'L i n  d e g r e e s ,  
t h e  f o l l o w i n g  may be obteined- 

Q = Q '  f 2P, [ ( 2 / 7 r ) ( 1 - L 2 ) % -  ( 1 / 9 0 )  L (cos-'L)''J 

= Q' t 2p1 c 0 . 6 3 6 6 ( 1 - ~ ~ ) %  -0.0111 L ( c o s - l ~ ) o ~  

=Q' t 2P, x t a b l e  1 2  . . . - . . . . . . . . . . . . . ( g o )  
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i n  w h i c h  

T a b l e  1 2  = 0.6366 ( l -Lz)!4 -0.0111 L(cos-'L)O . . . . . .  ( 9 1 )  

T h u s ,  t h e  i n e q u a l i t y  i s  i n c r e a s e d  b y  a n  'amount  e q u a l  t o  t h e  p r o d u c t  
o f  2P,  and  t h e t a b l e  1 2  f a c t o r ,  t h e  h e i g h t  of  t h e  HHW b e i n g  i n c r e a s e d  and  
t h a t  of t h e  LHW d i m i n i s h e d  by  P, x t a b l e  12 .  

The f o r m u l a s  a n d  t a b l e s  a r e  a l s o  a p p l i c a b l e  t o  t h e  low water i n e q u a l -  
i t y  by l e t t i n g  Q' a n d  p r e p r e s e n t  t h e  c o r r e s p o n d i n g  d i f f e r e n c e s  i n  t h e  
low w a t e r  h e i g h t s .  I n  t h i s  case t h e  h e i g h t  o f  t h e  LLW w i l l  b e  d i m i n i s h e d  
and  t h a t  of  t h e  HLW i n c r e a s e d  by t h e  p r o d u c t  of  P, and t a b l e  1 2 .  

I t  w i l l  be n o t e d  t h a t  s i n c e  t h e  a m p l i t u d e  o f  t h e  l u n a r  d i u r n a l  wave 
v a r i e s  t h r o u g h o u t  t h e  t r o p i c a l  month,  t h e  r e l a t i v e  e f f e c t  o f  P, w i l l  a l s o  
v a r y  and  b e g r e a t e s t  a t  t h e  t ime o f t h e  e q u a t o r i a l  t i d e s  when t h e a m p l i t u d e  
o f  t h e  l u n a r  wave i s  a minimum. B a s e d  upon t h e  t h e o r e t i c a l  c o e f f i c i e n t s ,  
t h e  a m p l i t u d e  o f  P, i s  0 .193  t imes t h e  a m p l i t u d e  (K,+O,) f o r  t h e  t r o p i c  
t i d e s  and  1 .145  times (K1-O1) f o r  t h e  e q u a t o r i a l  t i d e s .  

T r o p i c  h e i g h t s  a n d  i n e q u a l i t i e s . -  By u s i n g  t h e  t h e o r e t i c a l  r e l a t i o n  
o f  P, t o  t h e  a m p l i t u d e  o f  t h e  l u n a r  d i u r n a l  wave a t  t h e  t i m e  o f  t h e  t r o p i c  
t i d e s ,  t h e  i n e q u a l i t y  f a c t o r s  i n  t a b l e  11 may b e  m o d i f i e d  by means o f  
f o r m u l a  ( 9 0 )  t o  i n c l u d e  t h e  P, e f f e c t .  For t h e  t r o p i c  t i d e s  t h e  r a t i o  
a r g u m e n t  i n  t a b l e  11 i s  a p p r o x i m a t e l y  KO/M, w i t h  t h e  a m p l i t u d e  o f  M,  t a k e n  
a s  u n i t y .  The c o r r e s p o n d i n g  v a l u e  o f  2P1 f o r  e a c h  l i n e  o f  t h e  t a b l e  i s  
t h e n  o b t a i n e d  by  m u l t i p l y i n g  t h e  a r g u m e n t  by t h e  f a c t o r  0 .386 .  Compar ing  
t h e s e  v a l u e s  o f  2P ,  w i t h  t h e  t a b u l a r  v a l u e s ,  w h i c h  r e p r e s e n t  t h e  q u a n t i t y  
Q' o f  f o r m u l a  ( 8 8 1 ,  i t  w i l l  b e  f o u n d  t h a t  o n l y  i n  t h e  l a s t  two co lumns  
t h e  t a b u l a r  v a l u e s  a r e  less t h a n  2P,  and  t h e r e f o r e  t h e s e  w i l l  b e  t h e  o n l y  
co lumns  a f f e c t e d ,  The f a c t o r s  i n  t h e s e  c o l u m n s  have  b e e n  c o r r e c t e d  by 
means of f o r m u l a  ( 9 0 )  a n d  t h e  c o r r e c t e d  v a l u e s  i n c o r p o r a t e d  i n  t a b l e  l l t ,  
t h e  l a t t e r  t a b l e  b e i n g  d e s i g n e d  f o r t h e  c o m p u t a t i o n  o f t h e  t r o p i c  i n e q u a l -  
i t i e s .  I n  u s i n g  t h i s  t a b l e  t h e  r a t i o  a r g u m e n t  may b e  t a k e n  a s  KO/M, a n d  
t h e  p h a s e  d i f f e r e n c e  a s  MKO-%v f o r  t h e  h i g h  w a t e r  i n e q u a l i t y  andMKO-Xwk90° 
f o r  t h e  low water  i n e q u a l i t y ,  t h e  f a c t o r  i t s e l f  t h e n  b e i n g  m u l t i p l i e d  by  
t h e  a m p l i t u d e  o f  M,. T h e s e  i n e q u a l i t i e s  may t h e n  b e  e x p r e s s e d  by t h e  
f o l l o w i n g  f o r m u l a s -  

HWQ = M i  x (HW f a c t o r ,  t a b l e  1 1 - t )  . . . . . . . . . .  . ( 9 2 )  

LWQ M, x (LW f a c t o r ,  t a b l e  1 1 - t ) .  . . . . . . . . . .  ( 9 3 )  

T a b l e  1 0  for t h e h e i g h t s  o f  t h e  HHW and  LLW may a l s o  be  m o d i f i e d  f o r  
t h e  e f f e c t s  o f  P, a t  t h e  t i m e  o f  t r o p i c  t i d e s  by  a d d i n g  t o  t h e  t a b u l a r  
v a l u e  o n e - h a l f  t h e  c o r r e c t i o n  u s e d  i n  m o d i f y i n g  t a b l e  11, t h e  l a s t  two 
columns  o n l y  b e i n g  a f f e c t e d .  A l l  co lumns  o f  t a b l e  1 0  a r e  c a r r i e d  t o  a n  
a m p l i t u d e  r a t i o  of  4 .0  a l t h o u g h  t h e  t i d e  may become d i u r n a l  w i t h  c e r t a i n  
p h a s e  r e l a t i o n s  a f t e r  t h e  r a t i o  e x c e e d s  2 . 0 .  The P, c o r r e c t i o n  i s  b a s e d  
upon a n  i n e q u a l i t y  r e l a t i o n  which  v a n i s h e s  when t h e  t i d e  becomes d i u r n a l .  

982152 0 - 52 - 4 
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However ,  f o r  t h e  p h a s e  r e l a t i o n  o f  90"  and  i t s  m u l t i p l e s ,  t h e  t i d e  c o n -  
t i n u e s  t o  b e s e m i d i u r n a l  u p  t o  t h e  a m p l i t u d e  r a t i o  o f  4 . 0  a n d  c o m p u t a t i o n s  
o f  t h e  P, c o r r e c t i o n s  f o r  t h e  l a s t  co lumn o f  t h e  t a b l e  were made a c c o r d -  
i n g l y ,  For t h e p h a s e  r e l a t i o n  o f  8 0 ° ,  t h e  t i d e b e c o m e s  d i u r n a l  a t  a p p r o x -  
i m a t e l y  t h e  a m p l i t u d e  r a t i o  'of 2 .7 .  Above t h i s  r a t i o  t h e  P, e f f e c t s  were 
i n f e r r e d  f r o m  o t h e r  c o n s i d e r a t i o n s .  The m o d i f i e d  f a c t o r s  h a v e  b e e n  i n c o r -  
p o r a t e d  i n t a b l e  1 0 t  w h i c h  is d e s i g n e d  f o r  t h e  c o m p u t a t i o n  o f  t h e  h e i g h t  
o f  t h e  t r o p i c  HHW a b o v e  mean w a t e r  l e v e l  or t h e  d e p r e s s i o n  o f  t h e  t r o p i c  
LLW below t h i s  d a t u m ,  t h e  same a r g u m e n t s  b e i n g  u s e d  a s  f o r  t a b l e  l l t .  
I f  t h e  h e i g h t s  o f  LHW and HLW a r e  d e s i r e d ,  t h e y  may b e  o b t a i n e d  b y  a p p l y i n g  
t h e  t r o p i c  i n e q u a l i t i e s  t o  t h e  h e i g h t s  of t h e  HHW a n d  LLW. F o r m u l a s  f o r  
t h e  t r o p i c  h e i g h t s  a s  r e f e r r e d  t o  t h e  mean water l e v e l  a r e  a s  f o l l o w s -  

TcHHW = M, x (HW f a c t o r ,  t a b l e  l o t )  . . . . . . . . . .  ( 9 4 )  

TcLLW =-hi, x (LW f a c t o r ,  t a b l e  l o t )  . . . . . . . . . .  ( 9 5 )  

TcLHW = TcHHW - HWQ . . . . . . . . . . . . . . . . . .  (96) 
TcHLW = TcLLW + LWQ . . . . . . . . . . . . . . . . . .  ( 9 7 )  

Mean h e i g h t s  a n d  i n e q u a l i t i e s . -  T a b l e  13 c o n t a i n s  f a c t o r s  w h i c h  a r e  
t o b e m u l t i p l i e d  by (KIWI)  t o  o b t a i n  t h e  mean d i u r n a l  i n e q u a l i t i e s .  The 
f a c t o r s  i n c l u d e  t h e  e f i e c i  of P,. ~ The a m p l i t u d e  a n d  p h a s e  r e l a t i o n  b e t w e e n  
t h e  d i u r n a l  a n d s e m i d i u r n a l  wave c o n t i n u a l l y  c h a n g e  t h r o u g h o u t  t h e  t r o p i c a l  
month  a n d  t h e  f a c t o r s  i n  t a b l e  13 were d e r i v e d  f rom t h e  b a s i c  f a c t o r s  i n  
t a b l e  11 w i t h  a r g u m e n t s  m o d i f i e d  f o r  t h e  d i f f e r e n t  times o f  t h e  month  b y  
means  of t a b l e s  6 and  7. 1 2 .  
The f a c t o r s  were f i r s t  computed  f o r  a n  assumed r a t i o  of u n i t y  f o r  KO/M, 
a n d  b y c h e c k i n g  were f o u n d  t o a p p l y  a p p r o x i m a t e l y  f o r  o t h e r  v a l u e s  o f  t h i s  
r a t i o .  I t  i s  b e l i e v e d  t h a t  t h e  f a c t o r s  c a n  b e  u s e d  w i t h o u t  i m p o r t a n t  e r r o r  
u p  t o  a r a t i o  o f  4.0 f o r  KO/M. A l t h o u g h  t h e  t r o p i c  t i d e s  may b e  d i u r n a l  
when KO/M h a s a  v a l u e  b e t w e e n  2.0 a n d  4.0,  t h e  t i d e d u r i n g  a l a rge  p o r t i o n  
o f  t h e  r e m a i n d e r  o f  t h e  month  may be  e x p e c t e d  t o  be  s e m i d i u r n a l .  A mean 
d i u r n a l  i n e q u a l i t y  c o v e r i n g  a p e r i o d  when t h e  t i d e  i s  p a r t l y  d i u r n a l  and  
p a r t l y  s e m i d i u r n a l ,  d o e s  n o t  h a v e  t h e  same s i g n i f i c a n c e  a s  o n e  i n c l u d i n g  
o n l y  s e m i d i u r n a l  t i d e s  b u t  may be  u s e d  a s  a s t e p  i n  t h e  c o m p u t a t i o n  o f  
t h e  HHW a n d  LLW h e i g h t s .  

C o r r e c t i o n s  f o r  P, were o b t a i n e d  f r o m  t a b l e  

If t h e  a m p l i t u d e  o f  0, i s  g r e a t e r  t h a n  K,, t h e  r a t i o  K,/O, i n s t e a d  
o f  O,/K, may be  u s e d  a s  t h e  a r g u m e n t  i n  e n t e r i n g  t a b l e  1 3 .  The  p h a s e  
r e l a t i o n 1  i s  t o  be  t a k e n  a s  hlKO-%v f o r  t h e  h i g h  w a t e r  i n e q u a l i t y  a n d  a s  
MKO-'/?w+,90" f o r  t h e  low water  i n e q u a l i t y .  The mean i n e q u a l i t i e s  may t h e n  
be  e x p r e s s e d  by  t h e  f o l l o w i n g  f o r m u l a s -  

D H Q =  (K1+O,) x (HW f a c t o r ,  t a b l e  1 3 ) .  . . . . . . . . .  (98) 
DLQ = (KIW,) x (LW f a c t o r ,  t a b l e  1 3 ) .  . . . . . . . . .  (99) 
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The mean h e i g h t s  o f  HHW, LLW, L H W ,  a n d  HLW may be  o b t a i n e d  by com- 
b i n i n g  t h e  mean i n e q u a l i t i e s  w i t h  t h e  h a l f  r a n g e  o f  t i d e  and i n c l u d i n g  
t h e  d i f f e r e n c e  (MTL-MWL) f o r  r e f e r e n c e  t o m e a n  water  l e v e l .  T h e s e  h e i g h t s  
may t h e n  b e  e x p r e s s e d  by  t h e  f o l l o w i n g  f o r m u l a s -  

Mean HHW = % Mn + DHQ + (MTL-MWL) . . . . . . . . . . .  (100) 
Mean LLW =-% Mn - DLQ + (MTL-MWL) . . . . . . . . . . .  ( 1 0 1 )  

Mean LHW = Mn - DHQ + (MTL-MWL) . . . . . . . . . . .  ( 1 0 2 )  

Mean HLW =-% Mn t DLQ + (MTL-MWL) . . . . . . . . . . .  ( 1 0 3 )  

D i u r n a l  t i d e . -  When t h e  r a t i o  KO/M e x c e e d s  4,  t h e  t i d e  may b e  c o n -  
s i d e r e d  a s  p r e d o m i n a t i n g l y  d i u r n a l  and  w i l l  b e  t r e a t e d  a s  s u c h .  T a k i n g  
t h e  d i u r n a l  wave a m p l i t u d e  a s  u n i t y ,  l e t -  

R '  = ( s e m i d i u r n a l  wave a m p l i t u d e ) / ( d i u r n a l  wave a m p l i t u d e )  

d = a c c e l e r a t i o n  i n  d i u r n a l  HW d u e  t o  s e m i d i u r n a l  wave 

d '  = a c c e l e r a t i o n  i n  d i u r n a l  LW d u e  t o  s e m i d i u r n a l  wave 

B o t h  a and L' a r e  e x p r e s s e d  i n  d e g r e e s  o f  t h e  d i u r n a l  wave. L e t  o t h e r  
s y m b o l s  r e p r e s e n t  t h e  same q u a n t i t i e s  a s  p r e v i o u s l y ,  2 b e i n g  t h e  p h a s e  o f  
t h e  d i u r n a l  wave c o r r e s p o n d i n g  t o  one o f  t h e  h i g h  w a t e r s  o f  t h e  s e m i d i u r n a l  
wave. To  a v o i d  a n  a m h i g u i t y  a r i s i n g  f r o m  t h e  f a c t  t h a t  t h e r e  a r e  two 
s e m i d i u r n a l  h i g h  w a t e r s  w i t h i n  t h e  p e r i o d  of  t h e  d i u r n a l  wave,  t h e  d i f -  
f e r e n c e  w i l l  b e  r e f e r r e d  t o  t h e  f i r s t  h i g h w a t e r  f o l l o w i n g  t h e  "a" t r a n s i t  
o f  t h e m e a n  moon. With t h i s  r e f e r e n c e ,  2 a t  t h e  t i m e  o f  t h e  t r o p i c  t i d e s  
w i l l  e q u a l  MKO. T a k i n g  t h e  h i g h  w a t e r  of t h e d i u r n a l  wave a s  t h e  t ime 
o r i g i n ,  t h e  e q u a t i o n  o f  t h e  sum o f  t h e  two waves may be  w r i t t e n -  

'y = c o s  a t  t R' c o s  ( 2 a t - 2 P ) .  . . . . . . . . . . . . . .  ( 1 0 4 )  

a n d  i t s  f i r s t  d e r i v a t i v e  e q u a t e d  t o  z e r o  i s  a s  f o l l o w s -  

s i n  a t  + 2R' s i n  ( 2 a t - 2 P )  = 0 . . . . . . . . . . . . . .  (105) 
S u b s t i t u t i n g  s u c c e s s i v e l y  i n  (105) v a l u e s  o f a t  c o r r e s p o n d i n g  t o  t h e  h i g h  
a n d  low wa te r  of t h e  compound wave,  t h e s e  b e i n g  (0'-d) a n d  ( 1 8 0 ° - d ' ) ,  
r e s p e c t i v e l y ,  w e  h a v e  

s i n  d =-2R' s i n  ( 2 P t 2 d )  . . . . . . . . . . . . . . . . .  (106) 
s i n  d ' =  2R' s i n  ( 2 W 2 d ' ) .  . . . . . . . . . . . . . . . .  (107)  
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V a l u e s  f o r  a c c e l e r a t i o n  a f rom e q u a t i o n  ( 1 0 6 )  a r e  c o m p i l e d  i n  t a b l e  
1 4  a n d  c o r r e s p o n d i n g  v a l u e s  e x p r e s s e d  i n  s o l a r  h o u r s  a r e  g i v e n  i n  t a b l e  
1 5 ,  t h e  a r g u m e n t s  f o r  e n t e r i n g  t h e s e  t a b l e s  b e i n g  R '  and t h e  p h a s e  d i f -  
f e r e n c e  P. T h e s e  t a b l e s  may b e  u s e d  a l s o  f o r  t h e  low wa te r  a c c e l e r a t i o n  - d '  by t a k i n g  t h e  p h a s e  d i f f e r e n c e  a r g u m e n t  a s  P+90°. 

The h i g h  and  l o w w a t e r  h e i g h t s  o f  t h e  compound wave may b e  e x p r e s s e d  
b y  t h e  f o l l o w i n g  f o r m u l a s ,  t h e  a m p l i t u d e  of  t h e  d i u r n a l  wave b e i n g  u n i t y  
a n d  t h e  h e i g h t s  b e i n g  r e f e r r e d  t o  t h e  mean w a t e r  l e v e l -  

HW = c o s  d i- R '  c o s  (2P+2d)  . . . . . . . . . . . . . . . .  ( 1 0 8 )  

LW =-cos d ' +  R '  c o s  ( 2 W 2 d ' ) .  . . . . . . . . . . . . . .  ( 1 0 9 )  

H i g h  w a t e r  f a c t o r s  f r o m f o r m u l a  (108)  a r e  c o m p i l e d  i n  t a b l e  1 6 .  The 
same t a b l e  may b e u s e d  f o r  t h e  l o w w a t e r  f a c t o r s  o f  f o r m u l a  ( 1 0 9 )  by t a k i n g  
PL90' a s  t h e  p h a s e  d i f f e r e n c e  a r g u m e n t  a n d  a p p l y i n g  t h e  n e g a t i v e  s i g n  t o  
t h e  t a b u l a r  v a l u e .  

T r o p i c  d i u r n a l  i n t e r v a l s . -  The t r o p i c  h i g h  w a t e r  i n t e r v a l  o f  t h e  
d i u r n a l  wave e x u r e s s e d  i n  h o u r s  a n d  r e f e r r e d  t o  t h e  " a "  t r a n s i t  e a u a l s  
K(K;+0;)/14.492, o r  0.0345(K:+O;) and  t h e  low w a t e r  i n t e r v a l  r e f e r r e d  t o  
t h e  same t r a n s i t  e q u a l s  0.0345(K:+0:) 12 .42  h o u r s .  I n  t h e  a b o v e  e x -  
p r e s s i o n s ,  K: and  O i l m u s t  d i f f e r  by l e s s  t h a n  1 8 0 ° ,  t h e  s m a l l e r  one  b e i n g  
i n c r e a s e d  by  360 '  i f  n e c e s s a r y .  To  t h e s e  i n t e r v a l s  t h e r e  a r e  t o  be a p -  
p l i e d  t h e  a c c e l e r a t i o n s  d u e  t o  t h e  s e m i d i u r n a l  wave w h i c h  a r e  g i v e n  i n  
t a b l e  15, u s i n g  a s  a r g u m e n t s  R '  = M,/(K,+O,) a n d  P = MKO f o r  h i g h  w a t e r  
a n d  MKqt_90" f o r  l o w w a t e r  a c c e l e r a t i o n .  The c o r r e c t e d i n t e r v a l s  e x p r e s s e d  
i n  h o u r s  a r e  g i v e n  by  t h e  f o l l o w i n g  f o r m u l a s -  

Tc d i u r n a l  HWI = 0.0345(K:+Oy)-(HW a c c e l .  t a b l e  1 5 )  . . .  . ( 1 1 0 )  

Tc d i u r n a l  LWI = 0.0345(Ky+O;)-(LW a c c e l .  t a b l e  15)&12.42  . ( 1 1 1 )  

From a n  e x a m i n a t i o n  o f  t a b l e  1 5  i t  w i l l  be  n o t e d  t h a t  t h e  h i g h  and low 
w a t e r  a c c e l e r a t i o n s  f o r  a n y  v a l u e  o f l w i l l  h a v e  o p p o s i t e  s i g n s .  W h e n 1  
is i n  t h e  1s t  or 3 r d  q u a d r a n t s ,  t h e  h i g h  w a t e r s  w i l l  be  r e t a r d e d  and t h e  
l o w  w a t e r s  a c c e l e r a t e d  t h u s  l e n g t h e n i n g  t h e  d u r a t i o n  o f  r i s e ,  and  w h e n P  
i s  i n  t h e  2nd o r  4 t h  q u a d r a n t s ,  t h e  h i g h  w a t e r s  a r e  a c c e l e r a t e d  and t h e  
l o w  w a t e r s  r e t a r d e d  t h u s  l e n g t h e n i n g  t h e  d u r a t i o n  o f  f a l l .  

T r o p i c  d i u r n a l  h e i g h t s . -  T a b l e  1 6  c o n t a i n s  f a c t o r s  w h i c h ,  w h e n m u l t i -  
p l i e d  by t h e a m p l i t u d e  o f  t h e  d i u r n a l  wave ,  w i l l  g i v e  t h e  h e i g h t s  o f  h i g h  
a n d  low w a t e r s  r e f e r r e d  t o  t h e  mean w a t e r  l e v e l .  F o r  t h e  t r o p i c  t i d e s  
t h e  a m p l i t u d e  o f  t h e  d i u r n a l  wave may be  t a k e n  a s  (K,tO,), a r g u m e n t  R '  
e q u a l  t o  M,/(K,+O,), and  p h a s e d i f f e r e n c e  P e q u a l  t o  MKO f o r  t h e  HW f a c t o r  
a n d  MKOf90' f o r  t h e  LW f a c t o r .  The  t r o p i c  h e i g h t s  a r e  t h e n  e x p r e s s e d  by 
t h e  f o l l o w i n g  f o r m u l a s -  

Tc  d i u r n a l  HW = (Kl+O,) x (HW f a c t o r ,  t a b l e  1 6 )  . . . .  ( 1 1 2 )  

T c  d i u r n a l  LW =-(K,+O,) x (LW f a c t o r ,  t a b l e  1 6 )  . . . .  (113) 
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Mean d i u r n a l  h e i g h t s . -  T a b l e  1 7  c o n t a i n s  f a c t o r s  w h i c h ,  when m u l t i -  
p l i e d  by  (K,+O,) ,  a r e  d e s i g n e d  t o g i v e  t h e  mean d i u r n a l  h i g h  and low w a t e r  
h e i g h t s  R S  r e f e r r e d  t o m e a n  w a t e r  l e v e l .  The t a b l e  i s a p p l i c a b l e  when t h e  
t i d e  is p r e d o m i n a t h n g l y  d i u r n a l ,  a n d  d u r i n g  p o r t i o n s  o f  t h e  month when the 
t i d e  may become s e m i d i u r n a l  o n l y  theHHW's a n d  LLW's a r e  t a k e n  i n t o a c c o u n t .  
T a b l e  1 7  h a s  been  p r e p a r e d  f r o m  t h e  b a s i c  f a c t o r s  c o n t a i n e d  i n  t a b l e s  1 0  
and  1 6 ,  u s i n g  a r g u m e n t s  m o d i f i e d  f o r  d i f f e r e n t  t i m e s  o f  t h e  month by means 
o f  t a b l e s  6 and 7. I n  t h e  p r e p a r a t i o n  of t h e  t a b l e ,  t h e  r a t i o  O,/K, was 
t a k e n  a t  i t s  t h e o r e t i c a l  v a l u e  o f  0 .7  b u t  t h e  t a b l e  i s  a p p l i c a b l e  w i t h o u t  
m a t e r i a l  e r r o r  f o r  o t h e r  v a l u e s  o f  t h i s  r a t i o .  The e f f e c t  o f  P, w i l l  
v a r y  t h r o u g h o u t  t h e  month a n d  t h e r e  h a s  b e e n  i n c o r p o r a t e d  i n  t a b l e  1 7  a n  
e m p i r i c a l  a d j u s t m e n t ,  b a s e d  upon c o m p a r i s o n s  w i t h  o b s e r v e d  d a t a ,  t o  t a k e  
a c c o u n t  o f  t h e  e f f e c t s  o f  P, a n d  o t h e r  unknown e l e m e n t s .  The a r g u m e n t s  
t o  be u s e d  i n  e n t e r i n g  t a b l e  1 7  a r e  R '  = M , / ( K , t O , )  a n d  P = MKO f o r  HW 
f a c t o r  a n d  MK@90° f o r  LW f a c t o r .  F o r m u l a s  f o r  t h e  mean d i u r n a l  h e i g h t s  
f o l l o w .  

Mean d i u r n a l  HW = (KIM1) x (HW f a c t o r ,  t a b l e  1 7 )  . . . . ( 1 1 4 )  

Mean d i u r n a l  LW =-(KIM,) x (LW f a c t o r ,  t a b l e  17) . . . . ( 1 1 5 )  

Form 180. -  T h i s  form b a s e d  on  t h e  p r e c e d i n g  d i s c u s s i o n  h a s  been  de-  
v i s e d  t o  f a c i l i t a t e  t h e  computaLion  o f  c e r t a i n  non-harmonic  t i d a l  c o n s t a n t s .  
I t  i s  d e s i g n e d  t o  t a k e  c a r e  o f  t h r e e  c l a s s e s  o f  t i d e s ;  g e m i d a i l y  t i d e s  
w i t h  r e l a t i v e l y  s m a l l  d i u r n a l  i n e q u a l i t y ,  s e m i d a i l y  t i d e s  w i t h  l a r g e  d i -  
u r n a l  i n e q u a l i t y  and d a i l y  t i d e s  f o r  which  t h e  r a t i o  o f  K,W, t o  M, i s  4 
or more. An e x a m p l e  o f  e a c h  c l a s s  i s  g i v e n  on t h e  f o l l o w i n g  t h r e e  p a g e s .  
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0, .......... 0.-..1.6... 01 ............. !-3-1... ~JO!_.LWI-O.W6X(23) ................. ...O A 6  ..... (69) 

Y I o...!?.?... PI 94.. 
,,, J (ai) c-v-ww) L?.?.5.. (70) HWQ-WX (MI..... 
8, ....9... 4.4 BI 245.. (52) Cmr-m(m). ...O .,.?.51. (n) L W Q - M ~ X W I  
M I  .......... 1...90... ML .......... .223.. taa) T . b l e ( , w . ( a )  ................... ...Q ...9.5.1. (72) TcEHR -Msx(W 

M ,...--. ... 0...0.4... X L  ........... ?.4-$ ... (sa) (ai)+(w+(u)+cw..  

N, ......... ox.4.2 ... NI.. .......... 20.6 ... 

Table Im,vpr.  (I), (S) 

.......... ............... (60) T a b l o I O t , n w . ~ , ( 6  I)...... 

.................... ..................... ....................... 
M a n  -e 

....... ... ............. .................. 

Ma ......... o.*..z.?... MI ............ 1-3.5. .. (34) Tnbla6.w. 0-... ............... ...O .e. 0.0.9. (73) TCLLW--M#X(LU) 

(I) Cm[(U)-hl- ..................... 
(81) col[(a)--hl Amp"tm&nhUelu ...................... 

...................... 

........................... .A 1.2.3.. (a) i . m ~ l x  (a).-.... ................... 3.9.8.8 .... 

......................... o.!.o-z.-- - ... 

o.?.2.?-.. 141) I,OZM4(W-(S7)1.--.. .............. 
M-m M b t .  .................... (6)  Ot+Kt-. 

.............. .. (a) K,+o,- .-... ..A .1.4. (80) 

0.m B,x(a)- ..................... I ... o...os... (sz) 
(81) 

B I + ~ O O S  (1 MI-81-rJ) ............. 9...44... (B1) 

(80 
( ~ m  
(as) 

i . i - o m x m * .  .................. ...le. 9.6 .... 
(c~)x(u)). ________ ................. O.v.8.6 ... 
4-(ca)-(u)+(4n ............ ..A. 9 5  ... 
N p  (U)-(U)- (47) ............ .3...23.. . (873 

(W-Li(a))-O. 
Tvblo 0, a m .  (7). (8) 

Tablo 0, m. (7). (67).. 

Tvbls 01, rm. (7). (GO,... 

Tvblo Cb, w. (7). (Gi, 

TcHH WI- (20)-(68J 

T ~ u w l - ( 3 l l ) - ( m )  

T c L I I W I - ( ~ ~ - [ M ~ . .  

TuIILWI-(JO)-(W 

TnbIo 13, arm. (a), (SO) 

Table 13. vpr. (6), (67) 

DHQ-(S)X(Bo) - 

MHHW-H(43)+(78)+(B1) 

M U W -  -~(ca)+(m)-  (Ea..... 
MLBW-(8()-)1~). 

MBLW-(1)+2(S) 

Dlnrul ud. 
when 17) bvmm th.0 4 

W-~CCIPOO~ or (7) ............................. 
MKOIW0-(16)+W' ........................... 
Table 16, a. (80). (16) ......................... 
Table 16, w. (80). too). ........................ 
0 . ~ 5  (la) ....................................... 
TrHHWl-(UT : ........................... 
TeLLWI- (93 ..-1'Wal2.42 ...................... 
Trbb 16,aW 4, (16) ......................... 
Tabhl6,uw'. (80).(00) ......................... 
Table 1 7 , ~ .  (80). (16) ......................... 
Tabb 1 7 , v  (Bo), (00) ......................... 
TIHAW- (6)X (Os). ............................ 
TCLLW - - (tl)X(07) ............................. 
M I H W -  (S)X(N) .................... 
m w  - - (OX (00) ............................. 
~ - ~ l m ) - ~ l o l ~ . . . -  ............................. 
GI- (102)- (IW) ................................ 
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Station ...... Axil.e,.Lalifarnia .............................................. ht. ~S?-- .U~~. .NS. .  h n g .  lZa:.-44!!.4..& 

Length of series ..... 369 ........ days. Series begins 19.4sl.-L-.1-0 ...... Source of constants .... U,S.&.&.G.S ...... 
A n a y l s i s  

Epochs and intervals referred to moridian. Hoighta referred to moan water lovcl. 
-___ -___ _ _  -- 

-*-mu __ tm M I - ( ~ )  ................................ 28.7.. - 
4 r s  (Is) MI-(10)fIW ....................  lo^.. (M) 

... KI. ........... 9.4. .... (s) HWI-O.WSX(~ ................ ....9A9.(1..1 (en 
.......... ... ............ IS ..... (30) LWI-O.OU~X(I~) ..................... 3 ~ 3 4 . 1  (W 

r ,___ ...... ... PI ...... 9Q ..... ! (eo) 
61 .......... ... .......... 281 ..... (31) 

K ,__.____ ... 

m- m a m  

.......... ... .......... 211 ..... (31) 

M, ......... ... MI ......... 281 ..... (0) 
... ... MI ......... 1QQ ..... (MI 

MI ......... ........ 286 ..... (I) 
N , ......... ... ......... 261 ..... (I) 

bplltnde rd.tk~ (87) 

M,+Mt ........................... 
... (39) 

... (41) 

O , + h  ............... (42) 

128 !?... '3, 

((0 

... 

cwv-oo, (u) .................... ..LI?Q.(1.. ti 
Cmr-mi (a) ................... ..Q-999.. (71) 

Tnblo4,m. (3) ... ..aaa.72. (72) 

Tablee.nr8. (7) ................... ..Q*.l.QQ.. 0s) 
(al)+(W+(sr)+w).... .......... ..L11.L. (74) 

CmI(8)-aP1___.____ ............. .d~.4(1.7.. (76) 

c ~ [ ( u ) - P w ~  ...................... -3A.469.. 2 6 1  
car [(o)-sv].. .................... 
CW[(O)-SWI ...................... 
I . ~ . X ( S S )  ................ 
i .oz~,l(so) -.)I ................. 

................. 
Table IS, uy. (a). (66) .... ..0.,.3.6.6-. 
R b b  13. uy. (6). (67) ............ I_- ..Q .1.5.5.3... Wiry and -v ma- (81) 

o m  &x(s) ....................... .... (sl) 
srt#em (1 MI-H-B .......... .... (W 
i.m-o.mxo)*.. ............... .... (sc) 

(U)X(4e.)). L a  l... (U6) 
6s- (43)-(44)+(47 )... L.3 5 . .  (ne) 
Np(43)-(44)-(47) .............. ... (87) 

DIIQ-(O)X(BO) ............. 

MHHW-H(U)+00)+. ....... 
..... 

MLB\\'-(80-2((D) .............. 
MIILIV - (w+i(gl) 

5 - 2 6  ..... 
Dluml  Uds 

when 0 L,mtsrthnn 4 

ll'-mlraoenl d 0 ............................. 
MKO*OO*- (l6)aw ........................... 
Tnbls 16, m. (80). (16) ......................... 
Table 16. -I. (80). (00) __. . ___. _ _ _ _ _  ~ _ _ _ _  
0 . m ~  (1s) ....................................... 
TIHA WI- (yS)-(Ol) ............................ 
TcLL\VI-(O3)-(LW)alZ,U.-~ .................. 
Tablo 10,um. (89). (16) ......................... 
TabloI8,nrp. (80).(m ......................... 
Tablol7,nrv. (801, (16) ......................... 
Tabb 1 7 , ~ .  (80). (0) ......................... 
TeHRW- (8)X (W) ............................. 
TcLLW-- (6)X (97). ...................... 
MHHW-(~)X(OB) ......................... 
MLLW -- (6)X @I&._.. ....................... 
01- (im)- (101) ................................. 
Qt- (lo?)- (10s) ................................. 

I 

Data 
Compritcd by . . . .  .E@ . . . . . . . .  61.26/.N. ...... Verified by ......... ..MAW. . . . . .  .6!.2-1!.5.1______ 

Y I. M I 1 t . m l l l  m.IWlW WSKI  116U8 
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Sf&jn ....... P.cnsacal.a+Elarida. .......................................... hi. 3fl.o--.2412 N.-- Long. 8.7 -'... U!A.lY.. 

Length of seriea ..... 369 ........ days. Series begins 19.34.-.1:1--0 ...... Source of constants ..... U.S.C&.I;S ....... 
Anal y si s 

Epochs and intervals referred to meridian. Heights referred to moan water level. 
--___ -. - ___ 

(m Ml-(25)-A ...................................... 
OI. (28) MI-(a)*l BO-.... .............................. 

lturnonlc eemtsmL. 

................ ......................... x ,...... . ...0,.4 -4.. Kl .......... 328 ..... (20) HWI-O. (U+IX(~  

0,. ......... n,.&.. 01 .......... 32[) ..... .(?A) LWI-O.~USX(ZI) ............................... ........................ 
Mmn n n l e  ......................... PI .......... 0, 14.. PI ....... ...329..... 

8, .......... 0-02.. El .............. 2 .... (32) CmW-cW(16) ................................ 
MI ......... 0,01 ... ML ........ 358 .... (8) Tnbls4,nrc.(3) ............. _.,___._______ 

ct ..................... pi ..................... (31) Cor V-FO) (25). .............................. 

M L  ................... MI ............. (34) T a b l e 6 . ~ . ( 7 )  ......................... 
M,. ................... M L  ................... (a) ( a i ) + ( w + ( w + t M )  ........................... 
SI ...... ...(1, 01 ... N! ........... 3 1  .... (So) Cml(B)-?Pl 

(37) c o r [ ( 8 ) - h j  ................................... 
...................... 

(38) Cw1(9)-3v1 _ _ _  
(39) Cm[(0)-8w) 

... (40) I.ozM,x(w.... 

0-14.. (41) I . O Z M ~ ~ ( ~ ) - W I L  

0-86 ... 
... 0-95 (12) l.UZMd(a8)+09)1-.. 

............... ............. 
la) I 2 M1-m .._._: ..I 11.2 

0 . U  fliX(3) ..................................... (8) DHQ-(S)X(So) - 
Bt+pt oa ('2 MI-RI-pi) ........................ (91) DLQ-WX(81) 

i .m-o .mxm* ................................ (80 MHHW-H(U)+(T~)+(~~)  

(46)X(M) ........................ (U) MLLW--*(U)+(T9)-(U) 

8 g -  (43)-(44)+(4n .......................... (So) MLEW-(84)-2(8) 

N,- (4a)-(44)-(47) ...................... 
.............. 

fl~+Mn-((B)+((a) ............................. 
Np+Mn-(49)+(43) .............. 1.. ........ 

.................................... 

............................... 
............................... 

......................... ... *I. or i-mliila in b- 
. .  ....... ......... (16) (69) i'hnso.yO - n . w x ( i o i  .! 4... 

I'MILII.LTo-I.M~X(II) ............. -6.1 . ( o ~ )  

(la) (W 1 , l U r M I  .Is-o.oIIx(I2) I... 
(17) 

.................... 

(OI) 
( I Y )  v'-l'ubLa 1,arm. (1) and (8) (w) 
cn) 
(21) (o)-a(io) .................................. 

I 
M o n  I m l e r n h  

.................... 
............. w'-Tuhlc 1,nm.i. (I). (8k1 W... 

.................... .............. !I 
Date 

(15) - -00.. 

Tahle 9, om,. (7). (CAI$ 

Table 9. am.& (7), (671 

Toblo 0. oms. (7). (&A ...... 
Tihln UI. DRI. (7). (671 

TcHHWI-(?J)-(PI.  
T U W 1 -  (JO)-(W). (101) 

(102) 

(10)) 

D 1 4  Ud. 
when 0) Is grmtu than 4 -- 

R'-mclprml ol(n ............... I .... o.,.o@.. 
MK0100.-(16km' .................. .125.. 
Table16,arm. (Bo), (IO).. ......... ..*.&-. 
Tablo16,nRI. (Bo), (00) - ............. 0.~62.. 
0 . m  (13) ......................... .5L.48.. 
T~HHWI- (m)-(oi) .............. ..:12?6.. 

Rbls16,m.m. (So), (IS) ............... 1~9.4.. 
TeLLWI- (03) - (W)a2.42 ........... .9.*.32.. 

h b b 1 6 , w .  (Bo), (m). .......... ....f!s. 98.. 
Tabb 17. w. (Bo). (16) ............... !)A.~X.. 
Tabla 17, w. (Bo), (W).-.- ........... b-69- 
TIHR W- (6)X (W) .................. .o.&?.. 
TeLLW--(OX(97). .............. ..%.84.. 
MHHW-(~.)X(PB) .................... Q..61.. 
MLLW--(6)X(OO) ............... ..*a,s%. 
Qe-(loo)-(IOl) ....................... 1..13.. 
G~-(Ioz)-(IM) ....................... L Z R - .  

Data 



G R A P H S  S H O W I N G  E F F E C T S  O F  M , ,  M , ,  A N D  ( K , + O , )  
UPON S E M I D I U R N A L  W A V E  M, 

E f f e c t  o f  M,:- O r i g i n a l  c u r v e s  were t r a c e d  by p r e d i c t i n g - m a c h i n e  w i t h  
s e m i d i u r n a l  wave M ,  and q u a r t e r - d i u r n a l  wave M, r e p r e s e n t e d  by  c o r r e s p o n d -  
i n g  c o n s t i t u e n t s  o n m a c h i n e .  Each  g r a p h  c o v e r s  a p e r i o d  o f  a p p r o x i m a t e l y  
1 7  s o l a r  h o u r s .  E x p r e s s e d  i n t e r m s  o f  t h e  h a r m o n i c  c o n s t a n t s ,  t h e  a m p l i -  
t u d e  r a t i o  = M,/M, a n d  t h e p h a s e  d i f f e r e n c e  = 2Mi-Mi. When t h e  a m p l i t u d e  
r a t i o  i s  less t h a n  0 .25  t h e  compound wave w i l l  be  s e m i d i u r n a l  f o r  a l l  
p h a s e  r e l a t i o n s .  When t h e  r a t i o  e x c e e d s  t h i s  amount  a d o u b l e  low w a t e r  
w i l l  o c c u r  w i t h  a p h a s e  d i f f e r e n c e  o f  0" and  a d o u b l e  h i g h  water w i t h  a 
p h a s e  d i f f e r e n c e  o f  1 8 0 " .  When t h e  r a t i o  e x c e e d s  0.5, t h e  compound wave 
i s  q u a r t e r - d i u r n a l  f o r  a l l  p h a s e  r e l a t i o n s .  

E f f e c t  o f  M6:- O r i g i n a l  c u r v e s  were drawn by  hand f r o m  c o m p u t a t i o n s  f o r  
a m p l i t u d e  a n d  p h a s e  r e l a t i o n s .  E a c h  g r a p h  c o v e r s  18  l u n a r  h o u r s ,  t h e  
h o u r s  marked 0 a n d  1 2  c o r r e s p o n d i n g  t o  t h e  u n a f f e c t e d  M, maximum, E x p r e s -  
s e d  i n  terms o f  t h e  h a r m o n i c  c o n s t a n t s ,  t h e  a m p l i t u d e  r a t i o  = M,/M,  a n d  
t h e  p h a s e  d i f f e r e n c e  = 3M;-M:. When t h e a m p l i t u d e  r a t i o  is less t h a n  1/9 
t h e  compound wave w i l l  b e  s e m i d i u r n a l  f o r  a l l  p h a s e  r e l a t i o n s .  When t h e  
r a t i o  e x c e e d s  t h i s a m o u n t  a d o u b l e  h i g h  water a n d  a d o u b l e  low w a t e r  w i l l  
o c c u r  w i t h  a p h a s e  d i f f e r e n c e  o f  180'. When t h e  r a t i o  e x c e e d s  1/3 t h e  
compound wave w i l l  be s i x t h - d i u r n a l  f o r  a l l  p h a s e  r e l a t i o n s .  

E f f e c t  o f  (K,+O,  ) :  - O r i g i n a l  c u r v e s  were t r a c e d  by  p r e d i c t i n g - m a c h i n e  
w i t h  s e m i d i u r n a l  wave M a  a n d  d i u r n a l  wave ( K , + O , )  r e p r e s e n t e d  on  t h e  m a -  
c h i n e  by M, a n d  M a ,  r e s p e c t i v e l y ,  t h u s  r e d u c i n g  t h e  t i m e  s c a l e  o f  t h e  
g r a p h  by o n e - h a l f .  The p e r i o d  c o v e r e d  by  e a c h  g r a p h  is a p p r o x i m a t e l y  27  
s o l a r  h o u r s  w i t h  t h e  t i m e  marks s p a c e d  two h o u r s  a p a r t .  The a m p l i t u d e  
r a t i o  and  p h a s e  d i f f e r e n c e  o f  t h e  c o n s t i t u e n t  waves  c h a n g e  t h o u g h o u t  t h e  
t r o p i c a l  month.  A t  t h e  t i m e  o f  t h e  t r o p i c  t i d e s  t h e  a m p l i t u d e  r a t i o  
= (K,+O,)/M, a n d  t h e  p h a s e  d i f f e r e n c e  = %(Mi-Ky-0;). When t h e  a m p l i t u d e  
r a t i o  i s  less t h a n  2 . 0  t h e  compound wave is s e m i d i u r n a l  f o r  a l l  p h a s e  
r e l a t i o n s .  When t h e  r a t i o  e x c e e d s  t h i s  amount  t h e  wave becomes d i u r n a l  
w i t h  p h a s e  r e l a t i o n s  of 45", 135". 225"  a n d  315". When t h e  a m p l i t u d e  
r a t i o  e x c e e d s  4.0 t h e  compound wave i s  d i u r n a l  f o r  a l l  p h a s e  r e l a t i o n s ,  

31 982152 0 - 52 - 5 



32 EFFECT OF M, UPON M, 
TIME MARKS SPACED 1 HOUR 

PHASE DIFFERENCE Jo' PHASE DIFFERENCE 0' 



EFFECT OF M, UPON M, 
nam MARKS SPACED I HOUR 
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34 EFFECT OF M, UPON M, 
TIME MARKS SPACED 1 HOUR 

PHASE DIFFERENCE 120. PHASE DIFFERENCE 150' 

AMPLINDE mno 0.1 AMPLITUDE RATIO 0.1 



EFFECT OF M, UPON M, 
TIME MARKS SPACED 1 HOUR 

35 

PHASE DIFFERENCE leo' PHASE DIFFERENCE 210' 

AMPLITUDE RATIO 02 

AMPUTUDE RATIO a s  



36 EFFECT OF M, UPON M, 
nw MARKS SPACED 1 WOUR 

AMPLITUDE RATIO 01 AMPLITUDE RATIO O S  



EFFECT OF M4 UPON M, 
TIYE MAWS SPACED 1 C(OUR 

PMASEMrnRLMcE soo' 

37 



38 EFFECT OF Me UPON M, 



EFFECT OF M, UPON M, 

i i i i cb i t  o i i i i i i i i i cb i t  ti 
W w o u  

39 



40 EFFECT OF (Ki+O,) UPON M, 
TIME MARUS SPACED 2 HOURS 



EFFECT OF (K,+Q) UPON M, 
n M c  MARKS SPACED 2 KWRS 
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RVIY CiFFERENCE 7e' 

AMPLITUDE RATIO an AMPLITUDE RAW as 
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PHASE MFCER€NCE Po' 

EFFECT O F  (K,+03 UPON M, 
nm MARUS SPACED z nouas 

PHASE DIFFERENCE 105' 

AMPLITUDE R A W  IO AMPL(TUDE RATIO la A M R M D E  RATID 1 0  



PHASE DIFFERENCE 138' 

EFFECT OF (K1.Q) UPON & 
TIME MARKS SPACED 2 HOC)- 

PHASE DIFFERENCE 150' 

43 

M I S E  DIFFERENCE 165' 

\ ..-\\+tt(?-'\ 
AMPUTUDE RATIO a5 AMPUTUDE RATIO 0.5 AMPUTUDE RATIO a s  

AMPLITUDE RATIO 1 0  AMPLITUDE R A T 0  1.0 
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T a b l e  15. . . A c c e l e r a t i o n  i n  d i u r n a l  t i d e  i n  s o l a r  hours . . . . . . . .  72 

T a b l e  16* . .He igh t  f a c t o r s  f o r  d i u r n a l  t i d e  . . . . . . . . . . . . . .  
T a b l e  1 7 *  .. Mean h e i g h t  f a c t o r s  f o r  d i u r n a l  t i d e  . . . . . . . . . . .  

T a b l e  11 ... D i u r n a l  i n e q u a l i t y  f a c t o r s  . . . . . . . . . . . . . . . .  67  

7 3  
7 4  

*Table  used  i n  comput ing  Form 180 . 
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T a b l e  1.- A c c e l e r a t i o n  i n  h12 due t o  M 4  4 'L 

Phase  d i f f e r e n c e  = 2h10,-Mi f o r  HW and 2Mi-M,O k180" f o r  LW 

Phase  d i f f .  
M 4 / M 2  

0.00 

. 01 

.02 

. 0 3  

.04  

.05 
.06 

.07 

.08 

.09 

. 1 0  

. l l  

.12 

.13  

.14 

.15 

.16 

.17  

.18 

.19  

.20  

.21  

.22  

. 23  

. 24  1 

.25 

. 26  

.27 

.28  

. 2 9  

.30  
Phase  d i f f  

TA b 

0": 10" :  20": 30°: 40°: 50': 60': 70': 80': 90': 
0 0 0 0 0 0 0 0 0 0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0; 0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.2 
0.4 
0 .5  

0.7 
0.8 
1 . 0  

1.1 
1 . 2  
1 . 3  

1 . 4  

1 .5  
1 . 6  
1 .7  

1 . 8  
1 . 9  
1 . 9  

2 .0  
2.1 
2.2 

2 .2  

2.3 
2 .3  
2 .4  

2 .4  
2 .5  
2.5 

2.6 
2 .6  
2.7 

0.0 

0.4  
0 .7  
1.1 

1 .4  
1 . 6  
1 . 9  

2.2 
2 . 4  
2.6 

2.8 

3.0 
3.2 
3 .4  

3 .6  
3 .7  
3.9 

4 .0  
4 .2  
4 . 3  

4 . 4  

4.6 
4.7 
4 .8  

4.9 
5 .0  
5.1 

5.2 
5.3 
5 . 4  

0.0 

0.6 
1.1 
1 .6  

2.0 
2.4 
2 .8  

3.2 
3 . 6  
3.9 

4.2 

4.5 
4 .8  
5.1 

5 .3  
5.6 
5 . 8  

6 .0  
6.2 
6 .4  

6.6 

6 .8  
7 .0  
7.2 

7.3 
7 .5  
7.6 

7 . 8  
7.9  
8 .0  

0.0 

0.7 
1 . 4  
2 .0  

2 . 6  
3.2 
3.7 

4 .2  
4.7 
5.1 

5.5 

5.9 
6.3 
6 .7  

7.0 
7 . 4  
7.7 

8.0 
8 . 3  
8 . 5  

8 .8  

9.0 
9 . 3  
9.5 

9.7 
9.9 

1 0 . 1  

10 .3  
10.5 
10 .7  

0.0 

0 . 9  
1 . 7  
2 .4  

3.2 
3 . 9  
4.5 

5 .1  
5.7 
6 .3  

6 .8  

7 . 3  
7 . 8  
8 .3  

8.7 
9.1 
9 .5  

9.9 
10 .2  
10 .6  

1 0 . 9  

11.2 
11 .5  
11.8 

12 .1  
12 .3  
12 .6  

12 .8  
13.1 
13 .3  

0.0 

1 . 0  
1 . 9  
2 .8  

3.6 
4 .5  
5.2 

6 .0  
6 .7  
7 .4  

8 .0  

8 .6  
9.2 
9.7 

10.3 
l 0 . 8  
11.2 

11.7 
12 .1  
1 2 . 6  

13 ,O 

13 .3  
13 .7  
14 .1  

1 4 . 4  
14 .7  
1 5 . 0  

15 .3  
15 .6  
1 5 . 9  

0.0 

1.1 
2.1 
3 .1  

4.0 
5 .0  
5 . 9  

6.7 
7 .5  
8 . 3  

9.1 

9.8 
10 .5  
11.1 

11.7  
12 .3  
1 2 . 9  

13.4 
1 4 . 0  
14 .5  

1 4 . 9  

1 5 . 4  
15 .8  
16 .3  

16.7 
1 7 . 0  
17 .4  

17 .7  
1 8 . 1  
1 8 . 5  

0.0 

1.1 
2.2 
3 .3  

4.3 
5 .4  
6 .4  

7.3 
8 .2  
9.1 

10 .0  

1 0 . 8  
11 .6  
1 2 . 3  

13.1 
13 .8  
14 .4  

15 .1 ,  
15 .7  
16 .3  

16 .8  

17.4 
1 7 . 9  
1 8 . 4  

18 .8  
19 .3  
19 .7  

2 0 . 2  
20.6 
21 .0  

0.0 

1.1 
2.3  
3 .4  

4.5 
5.6 
6.7 

7.8 
8 .8  
9 .8  

10.7 

11.7 
12.6 
13 .4  

14.2 
15 .0  
15.8 

16 .5  
1 7 . 3  
17 .9  

1 8 . 6  

19 .2  
19 .8  
20.4 

20 .9  
21 .5  
22 .0  

22 .5  
22 .9  
23.4 

0.0 2.7 5 .4  8 .2  10 .9  13 .5  16 .2  1 8 . 8  21 .3  23 .8  
360O: 350': 340': 330': 320': 310': 300': 290': 280': 270': 

3r v a l u e s  p o s i t i v e  with t o p  a rgumen t s ,  n e g a t i v e  w i t h  bot tom - - 
a rgumen t s .  F u r t h e r  e x p l a n a t i o n  i n  t e x t .  



46 T a b l e  1.- A c c e l e r a t i o n  i n  M, due t o  M4(Cont inued)  

Phase d i f f e r e n c e  = 2hl;-Mi for HW and 2Mi-M,O k180" f o r  LW 

Phase  d i f f .  
M4 1% 
0.00 

. 01 

.02  

.03  

.04  

.05 

.06 

.07 

.08  
eo9 

.10  

. l l  
12 

.13  

.14  

.15 

.16 

.17 

.18  

. 1 9  . 

. 20  

.21  

.22 

.23  

. 2 4  

. 25  

.26 

.27 

. 2 8  
. 29  

. 30  
Phase  d i f f .  

Tabi 

0.0 0.0 0.0 0.0 

1.1 1.1 1.1 1.0 
2 . 3  2 .3  2.2 2 . 1  
3 .4  3 . 4  3 .3  3 . 1  

4 .5  4 .6  4.5 4.3 
5.6 5.7 5.7 5 .4  
6 .7  6 .9  6 .9  6.6 

7.8 8 . 0  8.0 7.8 
8.8 9 . 1  9.2 9.0 
9.8 10.2 1 0 . 4  10 .2  

10.7 11 .3  11 .5  11.4 

11.7 1 2 . 3  12 .7  1 2 . 7  

13 .4  14 .3  14 .8  1 5 . 1  
12.6 13 .3  1 3 . 8  1 3 . 9  

14.2 15 .2  1 5 . 9  16 .2  
15.0 16.1. 1 6 . 9  17 .4  
15.8 17 .0  1 7 . 9  18 .5  

16.5 17 .8  18 .9  19 .6  
17.3 18 .7  19 .8  20.7 
17.9 19.4 20.7 21.7 

18.6 20.2 21.6 22 .7  

19.2 20.9 22.4 23 .6  

20.4 2 2 . 3  24.0 25 .5  
19.8 21.6 23 .2  24 .6  

20.9 22.9 24.7 26.3 
21.5 23 .5  25 .4  27.1 
12.0 24 .1  2 6 . 1  27 .9  

12.5 24.7 26 .8  28 .7  

13.4 25.7 28.0 30.1 
22.9 25 .2  27 .4  29.4 

0 .0  

0 . 9  
1 . 8  
2 . 8  

3 .9  
5.0 
6 .1  

7 .3  

9.7 

11 .0  

12 .2  
13 .5  
14 .8  

1 6 . 1  
17 .4  
18 .6  

19 .9  
21.1 
22 .3  

23 .4  

24 .5  
25 .6  
26 .6  

27 .6  
28.5 
29 .5  

30 .3  
31.2 
32.0 

8 . 5  

0.0 

0.8 

2 - 4  
1 . 6  

3.3 
4.3 
5 . 3  

6 .4  
7 . 5  
8. 7 

1 0 . 0  

11.3. 
12.6 
1 3 . 9  

15.3 
16.7 

0.0 

0 .6  
1 .2  
1 . 9  

2.6 
3 .4  
4.3 

5 .2  
6 .2  
7.2 

8 . 4  

9.6 
10 .9  
12.2 

13 .6  
1 5 . 1  

1 8 . 1 .  16 .6  

19 .5  18.1 
20.9 19 .7  
22.2 21.2 

23.5 22 .8  

24.8 24 .3  
26.1 25.8 

28 .5  28.7 

27.3 27 .3  

29.6 30.0 
30 .7  31 .3  

31.7 32 .5  
32.7 33 .7  
33 .6  34.9 

0.0 

0.4  
0 .8  
1 . 3  

1 . 8  
2.4 
3 . 0  

3.7 
4 .4  
5.2 

6 .1  

7 . 1  
8.2 
9 .4  

10 .6  
1 2 . 1  
1 3 . 6  

15 .2  
1 6 . 9  
18 .6  

20.5 

22.3 
24 .1  
25 .9  

27.7 
29 .4  
31 .0  

32.5 
34 .0  
35 .4  

0.0 

0.2 
0 .4  
0.7 

0 .9  
1.2 
1 . 6  

1 . 9  
2.3 
2.8 

3 .3  

3. a 
4 . 5  
5 .2  

6.0 
7 . 0  
a. 2 

9.5 
11 .0  
12 .7  

14 .7  

1 6 . 9  
19 .2  
21.6 

24 .0  
26.4 
28.7 

30.8 
3 2 . 9  
34 .8  

0.0 

0 .0  
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0  
0 .0  
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0 . 0  
0.0 

15 .9  

22.2 

30 .5  
26.8 

23.8 26.3 28 .6  30.8 32 .8  34 .5  36 .0  36 .8  36.6 33.6 
270": 260": 250': 240° :  230": 220" :  210": 200": 190" :  180': 
i r  v a l u e s  p o s i t i v e  w i t h  t o p  a r g u m e n t s ,  n e g a t i v e  w i t h  bottom 

a r g u m e n t s .  F u r t h e r  e x p l a n a t i o n  i n  t e x t .  



T a b l e  2.- A c c e l e r a t i o n  i n  M, due t o  M, 47 

Phase  d i f f e r e n c e  = 3M02-Mi-3~' f o r  HW and 3M;-M:-3w' f o r  LW 

Phase d i f f .  
M , / M ,  
0.00 

a 01 
.02 
.03 

.04  
05 

.06  

.07 

.08  

.09  

. l o  

.ll 

.12 

.13 

.14  

.15 

. I 6  

.17 

.18 

. 1 9  

.20  

.21  

.22  

. 23  

.24 

.25 .. 2 6 

.27 
. 28  
.29  

.30  

.31 

.32 
e 3 3  

Phase  d i f f .  
Tabu 

0": 10': 20": 30": 40': 50':  60": 70°: 80': 90': 
0 0 0 0 0 0 0 0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 

0 

0.0 

0.3 
0.5 
0 .7  

0 .9  
1 . 0  
1 . 2  

1 .3  
1 . 4  
1 . 5  

1 . 6  

1.7 
1 . 7  
1 .8  

1 .9  
1 . 9  
2 .0  

2.0 
2 .1  
2 .1  

2.1 

2.2 
2.2 
2.2 

2 . 3  
2 .3  
2 . 3  

2.4 
2.4 
2 . 4  

2 .4  

2 .5  
2 .5  

0 

0.0 

0.5 
1 . 0  
1 .4  

1.8 
2.1 
2 . 3  

2.6 
2.8 
3.0 

3.1 

3 . 3  
3.5 
3.6 

3 .7  
3.8 
3 .9  

4.0 
4 .1  
4.2 

4.3 

4 . 4  
4 .4  
4.5 

4.6 
4.6 
4.7 

4.7 
4.8 
4.8 

k. 9 

4.9 
4 . 9  

0.0 

0 . 8  
1 . 5  
2.1 

2 .6  
3 .1  
3 .5  

3 .8  
4 .2  
4.4 

4.7 

4 .9  
5.2 
5 .4  

5.6 
5 .7  
5 . 9  

6 .0  
6.2 
6 .3  

6.4 

6 .5  
6.6 
6.7 

6 .8  
6 .9  
7 .0  

7 .1  
7.2 
7 .2  

7.3 

7 . 4  
7 .4  

0.0 

1 . 0  
1 .9  
2.7 

3.4 
4 .0  
4.6 

5 .1  
5.5 
5.9 

6.2 

6 .6  
6.9 
7 .1  

7.4 
7.6 
7.8 

8 .0  
8.2 
8.4 

8.6 

8.7 
8 .8  
9 .0  

9 .1  
9.2 
9.3 

9.4 
9.5 
9.6 

9.7 

9.8 
9 .9  

0.0 

1.2 
2 . 3  
3.3 

4.2 
5.0 
5 .6  

6 .3  
6.8 
7.3 

7.8 

8 .2  
8 .5  
8 .9  

9 .2  
9.5 
9.8 

10.0 
10 .3  
10 .5  

10.7 

10 .9  
11.0 
11 .2  

11 .4  
11 .5  
11 .7  

11 .8 
1 1 . 9  
12.0 

12.2 

12.3 
12 .4  

0.0 0.0 0.0 0.0 

1.4  1 . 6  1 . 7  1.7 
2.7 3 . 0  3.2 3.4 
3 .9  4 .3  4.7 5 .0  

4 .9  5.5 6 .1  6.5 
5 . 8  6 .6  7 .3  7 .9  
6.7 7.6 8 .4  9.2 

7.4 8 . 5  9.5 10.4 
8.1 9 . 3  10 .4  11 .4  
8.7 1 0 . 0  11 .2  12.4 

9.2 10.7 12.0 13 .3  

9.7 1 1 . 3  12 .7  14 .1  
10.2 11.8 13 .4  1 4 . 9  
10.6 1 2 . 3  13.9 1 5 . 5  

1 1 . 0  12.8 14 .5  1 6 . 2  
11.4 1 3 . 2  15.0 16.7 
11.7 13.6 15 .4  17 .3  

12.0 13 .9  15 .9  17 .8  
12.3 14 .3  16.3 18 .2  
12 .5  14 .6  1 6 . 6  1 8 . 6  

12.8 14 .9  17.0 19 .0  

13.0 15.2 17 .3  19 .4  
13.2 1 5 . 4  17 .6  19.7 
13 .4  15 .7  17 .9  20.1 

13 .6  15.9 18 .1  20.4 
13.8 1 6 . 1  18 .4  20.7 
14.0 16 .3  18 .6  20 .9  

14 .1  16 .5  18.8 21.2 
14.3 16 .7  19 .0  21 .4  
14.4 16 .8  19.2 21.6 

14.6 17 .0  1 9 . 4  21 .9  

14.7 17 .2  19 .6  22.1 
14 .8  1 7 . 3  19 .8  22 .3  

0.0 2 .5  5 .0  7.5 10 .0  12.5 15 .0  17 .5  1 9 . 9  22 .4  
360": 350": 340": 330': 320": 310": 300': 290': 280': 270O: 
~r v a l u e s  p o s i t i v e  w i t h  t o p  a rgumen t s ,  n e g a t i v e  w i t h  bot tom 

a r g u m e n t s ,  F u r t h e r  e x p l a n a t i o n  i n  t e x t .  



48 T a b l e  2.- A c c e l e r a t i o n  i n  M, due t o  M, ( C o n t i n u e d )  

P h a s e  d i f f e r e n c e  = 3M02-hl06-3~' f o r  IiH and 3M:-M:-3w1 f o r  LW 

Phase  d i f f .  
M A  
0.00 

. 01 
02 

.03  

.04  

.06 
, o s  

.07 

.08  

. 0 9  

. 10  

. ll  

.12 

.13 

. 1 4  

.15  

.16 

.17  

.18  

. 1 9  

.20 

.21  
.22  
.23  

.24  

.25  

.26  

.27  

.28  

. 2 9  

.30  

.31  

. 32  

.33  
Phase  d i f f .  

Tabu; 

90": l o o o :  110": 120° :  130': 140" :  150": 160° :  170° :  180": 

0.0 0.0 0.0 

0 0 0 0 0 0 0 0 0 0 

1 . 7  1 . 7  1 . 7  
3.4 3 .4  3 . 4  
5 .0  5 .1  5 .1  

6.5 6 .8  6.9 
7.9 8.3 8 . 6  
9.2 9.8 1 0 . 2  

0.0 0.0 0.0 0.0 0:o 0.0 

1 .6  1 . 4  1.2 0 . 9  0.6 0 .3  
3.2 2.9 2.5 2.0 1 . 4  0.7 
5 . 0  4 .6  4.1 3.3 2 .3  1 .2  

6 . 8  6.4 5.8 4 .8  3.5 1 .8  
8 .6  8 . 3  7.7 6.6 4.9 2.6 
0 .4  1 0 . 2  9 .7  8 . 5  6 .6  3.7 

10 .4  11.1 11 .7  12.1 12 .1  11 .7  10.7 8 .7  5.2 
1 1 . 4  12.3 13 .1  13.6 1 3 . 9  13.7 1 2 . 9  11.1 7.3 
12 .4  13 .5  14 .4  15 .1  1 5 . 6  15.6 1 5 . 1  13 .7  10.0 

13.3 14.5 15 .6  1 6 . 4  17 .1  17 .4  17 .3  16 .2  13.2 

14.1 15 .4  16 .6  17 .7  18 .5  19 .1  1 9 . 3  18:7 16 .5  
1 4 . 9  16 .3  17 .6  18 .8  1 9 . 8  20.6 2 1 . 1  20.9 19 .6  
15 .5  17 .1  18 .5  1 9 . 8  21.0 2 2 . 0 .  22.7 22.9 22 .3  

16 .2  17 .8  1 9 . 3  20 .8  22 .1  23 .3  24 .2  24.8 24.7 
16 .7  18 .4  20 .1  21.6 23.1 24 .4  25 .5  26.4 26.7 
17 .3  19 .1  20.8 22 .4  24 .0  25.5 26.8 27.8 28 .5  

17 .8  19 .6  21 .4  23.2 24 .8  26 .4  27.9 29 .1  30.1 
18 .2  20 .1  22 .0  23 .8  25.6 27 .3  28 .9  30 .3  31 .5  
18.6 20.6 22.6 24.5 26.3 28.1 29 .8  31.4 32.8 

19 .0  21.1 23 .1  25.0 27.0 28 .8  30.6 32.3 33 .9  

1 9 . 4  21.5 23.5 25.6 27.6 29 .5  31.4 33 .2  34.9 
19 .7  21.9 24 .0  26.1 28 .1  30.1 32.1 34.0 35 .8  
20.1 22.2 24.4 26.5 28.7 30.7 32.8 34.8 36.7 

20 .4  22.6 24 .8  27.0 2 9 . 1  3 1 . 3  33.4 35.4 37.5 
20.7 22.9 25.2 27.4 29.6 31.8 34.0 36.1 38.2 
20.9 23.2 25.5 27.8 30.0 32 .3  34 .5  36.7 38 .8  

21.2 23.5 25 .8  28 .1  30.4 32.7 35.0 37.2 39 .4  
21 .4  23 .8  26.1 28 .5  30.8 33.1 35.4 37.7 40.0 
21.6 24.0 26 .4  28 .8  31.2 33.5 35 .9  38 .2  40.5 

21.9 24.3 26.7 29.1 31.5 33 .9  36.3 38.7 41.0 

22.1 24.5 2 6 . 9  29.4 31.8 34.3 ' 3 6 . 7  39.1 41.5 
22.3 24.7 27.2 29.7 32 .1  34.6 37.0 39.5 42.0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0 .0  

0.0 
0.0 
0.0 

0.0 

0.0  
13 .6  
19 .3  

23.2 
26.2 
28.6 

30.6 
32 .4  
33.9 

35 .3  

36 .5  
37 .5  
38.5 

39.4 
40.2 
40.9 

41 .6  
42.3 
42.9 

43.4 

43.9 
44.4 

22.4 24 .9  27 .4  29 .9  32.4 34.9 37.4 39 .9  42.4 44.9 
270': 260° :  250': 240°: 230° :  220°: 210° :  200": 190°: 180': 
F v a l u e s  p o s i t i v e  w i t h  t o p  a r g u m e n t s ,  n e g a t i v e  w i t h  bottom 

a r g u m e n t s .  F u r t h e r  e x p l a n a t i o n  i n  t e x t .  



T a b l e  3. - Compound waves ,  c r i t i c a l  r e ' l a t i o n s  49 

c_ 

P 

0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
15 0 
165 
180 
195 
210 
225 
240 
255 
270 
285 
300 
315 
330 
3 45 
360 

- 
0 

- 

4.00 
2.46 
2.10 
2.00 
2.10 
2.46 
4.00 
2.46 
2.10 
2 .oo 
2.10 
2.46 
4.00 
2.46 
2.10 
2.00 
2.10 
2.46 
4.00 
2.46 
2.10 
2.00 
2.10 
2.46 
4.00 

R a t  
0 

360.0 
425.6 
439.6 
450.0 
460.4 
474.4 
540.0 
605.6 
619.6 
630.0 
640.4 
654.4 
0.0 
65.6 
79.6 
90.0 
100.4 
114.4 
180.0 
245.6 
259.6 
270.0 
280.4 
294.4 
360.0 

P = %(hl;-K"-O:) 

R = (K, i- 0,)/M2 

Wave M, + 11, 

0 0.25 
15 0.35 
30 0.41 
45 0.45 
60 0.48 
75 0.49 
90 0.50 
105 0.49 
120 0.48 
135 0.45 
150 0.41 
165 0.35 
180 0.25 
I95 0.35 
210 0.41 
225 0..45 
240 0.48 
255 0.49 
270 0.50 
285 0.49 
300 0.48 
315 0.45 
330 0.41 
345 0.35 
360 0.25 

180.0 
145.5 
132.2 
120.8 
110.2 
100.0 
90.0 
80.0 
69.8 
59.2 
47.8 
34.5 
0.0 

325.5 
312.2 
300.8 
290.2 
280.0 
270.0 
260.0 
249.8 
239.2 
227.8 
214.5 
180.0 3 

0 
15 
30 
45 
60 

' 75 
90 
105 
120 
13 5 
150 
165 
180 
1.9 5 
210 
225 
240 
255 
270 
28 5 
300 
315 
330 
3 45 
360 

Wave M, i- M, 

P = 2M; - h1,0 
R = M,/M, 

R .  a t  a t  
0 0 

0.33 90.0 
0.33 84.4 
0.33 78.7 
0.32 73.1 
0.31 67.4 
0.30 61.6 
0.20 55.7 
0.26 49.7 
0.24 43.6 
0.22 37.1 
0.19 30.0 
0.16 21.7 
0.11 0.0 
0.16 338.3 
0.19 330.0 
0.22 322.9 
0.24 316.4 
0.26 310.3 
0.28 304.3 
0.30 298.4 
0.31 292.6 
0.32 286.9 
0.33 281.3 
0.33 275.6 
0.33 270.0 

270.0 
264.4 
258.7 
253.1 
247.4 
241.6 
235.7 
229.7 
223.6 
217.1 
210.0 
201.7 
180.0 
158.3 
150.0 
142.9 
136.4 
130.3 
124.3 
118.4 
112.6 
106.9 
101.3 
95.6 
90.0 

I n  e a c h  compound wave t h e  p r i n c i p a l  c o n s t i t u e n t  i s  M, and t h e  wave 
r e m a i n s  s e m i d i u r n a l  u n t i l  t h e  r a t i o  "g e x c e e d s  t h e  c r i t i c a l  v a l u e g i v e n  
for t h e  p h a s e  r e l a t i o n .  When t h i s  l i m i t  i s  e x c e e d e d  t h e  f i r s t  wave be-  
comes d i u r n a l ,  t h e  s e c o n d  q u a r t e r - d i u r n a l ,  and t h e  l a s t  s i x t h - d i u r n a l .  
The c r i t i c a l  p o i n t s  i n  t h e  compound wave a t  which  t h e  e x t r a  t i d e s  d i s a p -  
pear  or r e a p p e a r  a re  i n d i c a t e d  by t h e  "at" v a l u e s ,  w h i c h  a r e  e x p r e s s e d  
i n  s e m i d i u r n a l  d e g r e e s  and  a r e  r e c k o n e d  f rom t h e  hl, maximum. The e n t i r e  
p e r i o d  t h e  (k l , i -K,+O,)  wave c o v e r s  two p e r i o d s  or 720" of t h e  hl, c o n -  
s t i t u e n t ,  and i n  t h i s  case t h e  " ~ ' l  is r e c k o n e d  f rom t h e  f i r s t  M, maximum 
f o l l o w i n g  t h e  moon ' s  "a" t r a n s i t .  

of 



50 T a b l e  4.-Effect of  s e m i d i w n a l  c o n s t i t u e n t s  on r a n g e  o f  t i d e .  

S,/M, 

0.0 

0. 1 
0 .2  
0 . 3  

0 . 4  
0 .5  
0.6 

0 .7  
0.8 
0 .9  

. O O  . O l  . 0 2  . 0 3  . 0 4  .05  , 0 6  .07 . 0 8  . 0 9  

0.020 0 .020  0.020 0 . 0 2 1  0 .021  0 .021  0 .022  0 .023  0.024 0.025 

.026 .027 .028  .030  . 0 3 1  . 0 3 3  .035  .037 .039  . 0 4 1  

. 0 4 3  .045 .048  . 0 5 1  . 0 5 3  .OS6 .OS9 . 0 6 2  .065  .069 

.072 .075  .079 . 0 8 3  .087 . 0 9 1  .095 .099  . l o 3  . l o 8  

.112 .117 . 122 . 127 . 132 . 137 . 142 . 147 . 1 5 3  .159  

. 164 . 170 . 176 . 182 . 188 . 195 . 2 0 1  .207  , 2 1 4  - 2 2 1  

.228  . 2 3 5  , 2 4 2  .249 .256 . 2 6 4  . 2 7 1  .279 .287 . 2 9 5  

. 3 0 3  . 3 1 1  .319 .327 .336 .345  . 3 5 3  .362  . 3 7 1  .380 

.389 . 399 .408 .417 .427 .437  .447 .457  .467  .477 

.487 .498  . 508 .519 .530- .541  . 5 5 2  . 5 6 3  . 5 7 4  .586 

T a b l e  = 0.020 -t 0.577 (sz/hfz)z 



T a b l e  5 . - E f f e c t  o f  d i u r n a l  c o n s t i t u e n t s  on range  of  t i d e .  51 

K,-tO, 
- M 2  

0.0 

0 . 1  
0 . 2  
0 . 3  

0 . 4  
0.5 
0.6 

0.7 
0.8 
0.9  

1.0 

1.1 
1. 2 
1 . 3  

1 .4  
1 . 5  
1.6 

1.7 
1.8 
1 .9  

2.0 

2 . 1  
2.2 
2 . 3  

2.4 
2 . 5  
2.6 

2.7 
2.8 
2.9 

3 .0  - 

~ 

. O O  . 0 1  . 0 2  . 0 3  - 0 4  .OS . 0 6  .07 .08 . 0 9  

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0 .001  

.001 

.003  

. 0 0 6  

.012 

.018  
, 0 2 6  

. 0 3 5  

.046 

. 0 5 8  

, 0 7 2  

.087  . 104 

.122  

. 141 . 162 . 184 

.208 

. 2 3 3  

.260 

.288 

. 318 
, 3 4 8  
. 3 8 1  

. 4 1 5  

.450 

.487 

. 5 2 5  

. 5 6 4  

.606 

.001  . O O L  .001 .001 
, 0 0 3  . 0 0 3  .004 . 0 0 4  
.007 .007 .008 .008 

.012  .013  .013  .014  

.019 .019 .020  . 0 2 1  

.027 .028 .029 .029  

.036 .037 . 0 3 8  .039 

.047  .048  , 0 5 0  . O S 1  

.060 . 0 6 1  . 0 6 2  . 064 

.073 .075 .076 . 0 7 8  

.089  .090 .092 .094  

. l o 5  . 107 . l o 9  .111 

. 124 . 125 .127 .129 

, 1 4 3  .145  .147 .149 . 164 . 166 . 169 . I 7 1  . 187 .189 . 191 . 194 

, 2 1 1  .213  .215 .218 
.236 .238 . 2 4 1  . 2 4 4  
. 2 6 3  .265 .268 . . 2 7 1  

. 2 9 1  .294  ,297  .300 

. 3 2 1  .324  .327  . 3 3 0  

.352  .355 .358 . 3 6 1  
, 3 8 4  .388 , 3 9 1  .394  

.418 .422  .425 .429 

.454 .457 . 4 6 1  .465  

.490 .494  .498 .SO2 

.529 .533  .537 . 5 4 1  

.569  .573  .577 , 5 8 1  

.610 .614  .618 .622 

a002 
.004  
.009 

.015 
e022 
.030 

.040 

.052  

. 0 6 5  

.079 

, 0 9 5  
. 1 1 2  
, 1 3 1  

. 151 . 173 . 196 

.220 

.246 

. 2 7 4  

. 3 0 3  

. 3 3 3  . 365 

.398 

.432  

.468  

.SO6 

.544  
,585 
.627 

.002  

.005 

.009 

.015  

. 0 2 3  
, . 0 3 1  

. 0 4 2  

. o s 3  

.066  

e 08 1 

.097 . 114 

. 1 3 3  

.153  

.175  

.198 

.223  

.249  

.277  

.306 

.336 

.368 

. 4 0 1  

.436 

.472  

.SO9 

.548 

.589 

. 6 3 1  

.002  

. 005  . 010 

.016 

.023  

.032  

.043 

.OS4 

.068  

. o a 2  

.099 . 116 

.135 

. 156 . 177 

.2OJ 

.226 

.252 

.279 

.309 

.339 
, 3 7 1  
.404 

.439  

.476 

.513  

.552 
.593  
.635 

.002 

.006 

.010 

.017 
, 0 2 4  
. 0 3 3  

.044  

.OS6 

.069  

.084  

. l o o  

. 118 
e l 3 7  

.158 

. 2 0 3  

.228  

.254 

.282  

.312  

.342 

.374 

.408 

.443 
e 479 
.517 

.556 

.597 

. 6  39 

. i ao  

. 0 0 3  

.006 
. O l l  

. 017  

.025 

.034  

.045  

.057 

.071 

, 0 8 6  

.102 

.120 
, 1 3 9  

.160 

.182  

.206 

. 2 3 1  

.257  

.285  

. 3 1 5  

.345 

.378 

. 4 1 1  

.446 

. 4 8 3  

. 5 2 1  

.560 

. 6 0 1  

.644  

.648  .652  .657 .661  .665 .670 .674  .679 .683  .687 

T a b l e  = 0.072 (Kl+Ol)2/M: 



5 2  

x 
0.0 

0.1 
0.2 
0.3 

0.4 
0.5 
0.6 

0.7 
0.8 
0.9 

1.0 

1.1 
1 .2  
1 . 3  

1.4 
1 .5  
1.6 

1.7 
1 .8  
1 .9  

2.0 

Tab le  6 . -  V a l u e s  of i n  Formula ( 6 0 )  

0" 10"  20" 30" 40" 50" 600 70" 80" 90" 
180 190 200 210 220 230 240 250 260 270 

1.00 

1.00 
1.00 
1.00 

1 .00  
1 .00  
1.00 

1 . 0 0  
1.00 
1.00 

1.00 

1.00 
1.00 
1 .00  

1 .00  
1.00 
1.00 

1 . 0 0  
1 .00  
1.00 

1.00 

1 .00  

1.00 
0.99 

.99 

.99 
e99 
.99 

.99 

.98 

.98 

.98 

.98 

.98 
a 99 

.99  
.99 
.99 

.99 

.99 

.99 

.99 

1 . 0 0  

0.98 
.97 
.96 

.95 

.95 

.94 

.94 

.94 
.94 

.94 

a 94 
.94 
.94 

.94 

.94 
.94 

.94 
94 

0 95 

.95 

1.00 

0.96 
. .93 

.91 

.89 

.88 

.88 

.87 

.87 
.87 

.87 

.87 

.87 

.87 

.87 

.87 

.87 

.88 

.88 

.88 

.88 

1 .00  

0.93 
.88 
.84 

. 8 1  

. 80  

.78 

.77 

.77 

.77 

.77 

.77 
.77 
.77 

e77 
.78 
.78 

.78 

.79 

.79 

.80 

1.00 

0.90 
.82 
.76 

.72 

. 69  

.67 

.66 

.65 
.64 

.64 

.64 

.65 

.65 

.66 

.66 

.67 

.67 

.68 
69 

.69 

1.00 

0.87 
.76 
.68 

.62 

.58 

.54 

.52 

.51 

.so 

.50 

.so 

.51 

.51 

.52 

.53 

.54 

* 55 
.56 
.57 

. 58  

1 .00  

0.84 
.71 
.61 

.53 

.46 

.41 

.38 
.36 
.35 

.34 

.34 

.35 

.36 

.38 
.39  
.40 

.42 

.43 
.45 

.46 

I .  00 

0.82 
.68 
.56 

.46 

.37 
.30 

.25 
21 

.18 

.17 

.18 

.20 

.22 

.24 
.26 
.29 

.31 

.33 
.35 

.37 

1 eo0 

0.82 
.67 
.54 

.43 

.33 

.25 

.18 

.ll 

.05 

. 00 

.05 

.09 
.13 

.17 

.20 

.23 

.26 

.29 

.31 

0 33 

180" 170' 160' 150" 140" 130" 120" 110" 100" 90" 
360 ,350 340 330 320 310 300 290 280 270 



T a b l e  7 . -  Values of in Formula ( 6 1 )  53 

0.0 

0.1 
0.2 
0.3 

0.4 
0.5 
0 .6  

0.7 
0 .8  
0.9 

1 . 0  

1.1 
1 .2  
1 .3  

1.4 
1 . 5  
1 . 6  

1.7 
1 . 8  
1 . 9  

2 .0  

0" 10"  20" 30" 40" 50' 60" 70" 80"  90" 
1 8 0  190  200 210 220 230 240 250 260 270 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

10.0  

8.2 
6 .7  
5.4 

4.3 
3.4 
2.5 

1 . 8  
1.1 
0.5 

0.0 

-0.5 
-0.9 
-1.3 

-1.7 
-2 .0  
-2.3 

-2.6 
-2.9 
-3.1 

20 .0  

16 .6  
1 3 . 6  
11.1 

8 .9  
6.9 

'5.2 

3.7 
2 . 3  
1.1 

0.0 

-1.0 
-1.9 
-2.7 

-3.5 
-4.2 
-4.8 

-5.4 
-5.9 
-6.4 

30.0 

25.3 
21 .1  
17 .3  

1 3 . 9  
10 .9  

. 8.2 

5 . 8  
3 .7  
1 .7  

0.0 

-1.6 
-3.0 
-4.3 

-5.5 
-6.6 
-7.6 

-8.5 
-9.4 

-10.2 

40.0 

34.5 
29.2 
24.3 

1 9 . 8  
15 .6  
1 1 . 8  

8 . 4  
5.3 
2 .5  

0.0 

-2.3 
-4 .4  
-6.2 

-8.0 
-9.5 

-11.0 

-12.3 
- 1 3 , s  
-14.6 

50 .0  60.0 70.0 80 .0  

44.3 54 .8  66 .0  7 7 . 8  
38.5 49.1 61 .4  75 .2  
32.7 43.0 55 .9  71.9 

27 .1  36 .6  49.7 67 .6  
21.7 .30.0 42.5 62 .1  
16.6 23.4 34.5 54.8 

1 1 . 9  17.0 25.9 45.0 
7.5 10 .9  17 .0  32 .2  
3 . 6  5.2 8.2 16.6 

0.0 0.0 0.0 0.0 

-3.2 -4.7 -7.4 -15.1 
-6.2 -8.9 -14.0 -27.3 
-8.8 -12.7 -19.7 -36.5 

-11.2 -16.1 -24.6 -43.4 
-13.4 -19.1 -28.8 -48.6 
-15.4 -21.8 -32.4 -52.6 

-17.2 -24.2 -35.5 -55.8 
-18.8 -26.3 -38.1 -58.3 
-20.3 -28.3 -40.4 -60.4 

90.0 

90.0 
90.0 
90.0 

90.0 
90.0 
90.0 

90.0 
90.0 
90.0 

- - - -  
-90.0 
-90.0 
-90.0 

-90.0 
-90.0 
-90.0 

-90.0 
-90.0 
-90.0 

0.0 -3.4 -6.9 -10.9 -15.6 -21.7 -30.0 -42.5 -62.1 -90.0 
180'  1 7 0 "  160"  150"  140"  130"  120' 110"  1 0 0 "  90" 
360 350 340 330 320 310 300 290 280 270 

When bo t tom a r g u m e n t  is used, reverse s i g n  of t a b u l a r  v a l u e .  



54 T a b l e  8 

A c c e l e r a t i o n  i n  t i m e  o f  HHW and LLW i n  d e g r e e s  of d i u r n a l  wave 

P h a s e  d i f f e r e n c e  = MKO-%v f o r  HHW and MKe90°-%w for LLW 

(1) 

P h a s e  
Di f f erence 

0 . 0  

0 . 1  
0 . 2  
0 . 3  

Q) 

2 0 . 4  

E .  

0 . 5  
7d 0.6  

0 .7  
0 . 8  
0.9 

1 . 0  

1.1 
1 . 2  
1 . 3  

1 .4  
1. 5 
1 .6  

1 .7  
1 .8  
1 .9  

2.0 

2. 1 
2 .2  
2 . 3  

2 .4  
2 .5  
2.6 

2.7 
2 .8  
2.9 

3.0 
P h a s e  
D i f f e r e n c e  

TI 

o': 10' :  20°: 30°: 40°: 50': 60°: 70': 800: goo: 
180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270 : 

0 :  0 :  0 :  0 :  0 :  0 :  0 :  0 :  0 :  0 :  

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0 . 0  

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0 .0  
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0 . 2  
0 . 5  
0 . 7  

0 . 9  
1.1 
1 . 3  

1. 5 
1 .7  
1 . 8  

2.0 

2.2  
2 . 3  
2 .5  

2.6 
2 .7  
2.9 

3.0 
3 .1  
3 .2  

3 .3  

3 .4  
3 .5  
3.6 

3.7 
3.8 
3.9 

4 .0  
4 . 1  
4 .2  

0.0 

0 . 5  
0.9 
1 .4  

1 .8  
2 .2  
2.6 

2.9 
3 . 3  
3.6 

4 .0  

4 . 3  
4.6 
4 .9  

5 .2  
5 . 4  
5 .7  

5 .9  
6 . 2  
6 .4  

6 .7  

6 .9  
7 . 1  
7 . 3  

7 . 5  
7 .7  
7 .9  

8 . 1  
8. 3 
8 . 4  

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0 .7  0.9 1.1 1 . 2  1 . 3  1 . 4  1 . 4  
1 . 4  1 .8  2 . 1  2 .4  2 .6  2 .8  2 .9  
2.0 2.6 3. 1 3 .6  3.9 4 . 2  4 . 3  

2.6 3 . 4  4 . 1  4 .7  5 .2  5 .6  5 .7  
3 .2  4 . 2  5 . 1  5 . 8  . 6 . 5  6 .9  7 . 2  
3 .8  5.0 6 . 0  6 . 9  7 .7  8 . 3  8 .6  

4 . 4  5 .7  6 .9  8 . 0  8 . 9  9.6 1 0 . 1  
4.9 6 . 4  7 .8  9 .0  1 0 . 1  11 .0  1 1 . 5  
5 . 4  7 . 1  8 .7  1 0 . 1  1 1 . 3  1 2 . 3  13 .0  

5 . 9  7 .7  9 . 5  11.1 1 2 . 5  13 .6  14 .5  

6 . 4  8 . 4  1 0 . 3  1 2 . 0  13.6 15.0 1 6 . 0  
6 . 8  9 .0  11. 1 1 3 . 0  14 .8  16. 3 17 .5  
7 . 3  9 .6  1 1 . 8  14 .0  15.9 17 .6  19 .0  

7.7 1 0 . 2  12.6 14 .9  17 .0  18.9 20 .5  
8 . 1  10 .8  13 .3  15 .8  1 8 . 1  20 .2  22.0 
8 . 5  1 1 . 3  14 .0  16 .6  19 .2  21.5 23.6 

8 . 9  11 .8  14 .7  17 .5  20 .2  22.8 25 .2  
9 . 3  12 .3  1 5 . 4  18 .4  21. 3 24. 1 26.8 
9 .6  12.8 16 .0  1 9 . 2  22 .3  25.4 28 .4  

10.0 1 3 . 3  16 .7  2 0 . 0  2 3 . 3  26 .7  30.0 

10 .3  13.8 1 7 . 3  20 .8  24 .3  28 .0  31 .7  
10.7 1 4 . 3  17.9 21.6 2 5 . 3  29 .2  33 .4  
11.0 14.7 18 .5  2 2 . 3  26 .3  30 .5  3 5 . 1  

1 1 . 3  1 5 . 1  19 .0  23 .1  27 .3  31.8 36.9 
11 .6  15.6 19 .6  23 .8  28.2 33.0 38.7 
11 .9  16.0 20 .2  24.5 29 .1  34 .3  40 .5  

1 2 . 2  16 .4  20.7 25 .2  3 0 . 1  35 .5  42 .4  
12 .5  16 .8  21 .2  25.9 31.0 36.8 4 4 . 4  
12 .7  1 7 . 1  21.7 26 .5  31 .8  38.0 46 .5  

0 . 0  4 .3  8 . 6  13 .0  1 7 . 5  22 .2  27 .2  32.7 39 .2  48 .6  
180°: 170°: 160": 150°: 140": 130': 120°: 110": 100": 90': 
360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270 : 

i l a r  v a l u e s  p o s i t i v e  w i t h  t o p  a rgumen t s ,  n e g a t i v e  w i t h  bo t tom 
a raumen t s .  When p h a s e  d i f f e r e n c e  i s  90" or 270°, t h e  co r re spond-  - 
i n g  d i u r n a l  i n e q u a l i t y  i s  z e r o  and t a b u l a r  v a l u e s  may be  e i t h e r  
p o s i t i v e  or n e g a t i v e  a c c o r d i n g  t o  t h e  t i d e  s e l e c t e d  f o r  t h e  H H W  
or t h e  LLW. 



T a b l e  8 5 5  

P h a s e  
D i f f e r e n c e  

3.0 

0': loo: 20°: 30°: 40°: 50': 60°: 70°: 80': 90': 

0 :  0 :  0 :  0 :  0 :  0 :  0 :  0 :  0 :  0 :  

180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270 : 

0.0 4.3 8.6 13.0 17.5 22.2 27.2 32.7 39.2 48.6 

3.1 
3. 2 
3.3 

al + 5 3.4 
3.5 

a 3.6 
d 

E 
Ll 

* =  3.7 
11 

3.8 
3.9 

ru 
0 4.0 
e) 

2 4.1 
e) 

0 
4.2 

4 4.3 
Q) 

c 2 4.4 
4.5 

a 4.6 
d 

Ll 

2 4.7 
-0 

+l 
4.8 

Q 4.9 
a 
7 5 . 0  
e) 

.PI 
d 

a 5.1 
5.2 

9-4 5.3 
0 

0 

e) 
Q 5.5 

.d 5.4 

cz 5.6 

5.7 
5.8 
5.9 

0.0 4.4 8.8 13.3 17.9 22.7 27.8 33.5 40.4 50.8 

0.0 4.5 9.1 13.8 18.6 23.6 29.0 35.2 42.8 55.6 
0.0 4.4 8.9 13.5 18;2 23.1 28.4 34.4 41.6 53.1 

0.0 4.6 9.2 14.0 18.9 24.0 29.6 36.0 44.0 58.2 
9 . 0  4.7 9.4 14.2 19.2 24.5 30.2 36.8 4 5 . 2  61.0 
0.0 4.7 9.5 14.4 19.5 24.9 30.8 37.5 46.3 64.2 

0.0 4.8 9.7 14.7 19.8 25.3 31.3 38.3 47.4 67.7 
0.0 4.9 9.8 14.9 20.1 25.7 31.9 39.0 48.5 71.8 
0.0 4.9 9.9 15.1 20.4 26.1 32.4 39.7 49.6 77.2 

0.0 5.0 10.1 15.3 20.7 26.5 32.9 40.4 50.6 90.0 

0.0 5.1 10,2 15.4 21.0 26.8 33.4 41.1 51.7 90.0 
0.0 5 . 1  10.3 15.6 21.2 27.2 33.9 41.8 52.7 90.0 
0.0 5.2 10.4 15.8 21.5 27.6 34.3 42.4 53.6 90.0 

0.0 5.2 10.6 16.0 21.7 27.9 34.8 43.0 54.6 90.0 
0.0 5.3 10.7 16.2 22.0 28.2 35.2 43.6 55.5 90.0 
0.0 5.4 10.8 16.4 22.2 28.6 35.7 44.2 56.3 90.0 

0.0 5.4 10.9 16.5 22.5 28.9 36.1 44.8 57.2 90.0 
0.0 5.5 11.0 16.7 22.7 29.2 36.5 45.4 58.0 90.0 
0.0 5.5 11.1 16.9 22.9 29.5 36.9 45.9 58.8 90.0 

0.0 5.6 11.2 17.0 23.2 29.8 37.3 46.5 59.5 90.0 

0.0 5.6 11.3 17.2 23.4 30.1 37.7 47.0 60.2 90.0 
0.0  5.7 11.4 17.3 23.6 30.4 38.1 47.5 60.9 90.0 
0.0 5.7 11.5 17.5 23.8 30.7 38.4 48.0 61.6 90.0 

0.0 5.8 11.6 17.6 24.0 30.9 38.8 48.4 62.2 90.0 
0.0 5.8 11.7 17.8 24.2 31.2 39.1 48.9 62.8 90.0 
0.0 5.8 11.8 17.9 24.4 31.4 39.5 49.3 63.4 90.0 

0.0 5.9 11.9 18.1 24.6 31.7 39.8 49.7 63.9 90.0 
0.0 5.9 12.0 18.2 24.8 32.0 40.1 50.2 64.4 90.0 
0.0 6.0 12.0 18.3 25.0 32.2 40.4 50.6 64.9 90.0 

6.0 I 0.0 6.0 12.1 18.4 25.1 32.4 40.7 51.0 65.4 90.0 
P h a s e  I 180': 170': 160': 150°: 140°: 130': 120°: 110': 100': 90': 
D i f f e r e n c e  I 360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270 : 

Tabu1 a r  v a l u e s  p o s i t i v e  w i t h  t o p  arguments ,  n e g a t i v e  w i t h  bottom 
arguments .  When p h a s e  d i f f e r e n c e  i s  90' or 270°, t h e  c o r r e s p o n d -  
i n g  d i u r n a l  i n e q u a l i t y  i s  z e r o  and t a b u l a r  v a l u e s  may be e i t h e r  
p o s i t i v e o r n e g a t i v e  a c c o r d i n g  to t h e  t i d e  s e l e c t e d  for  the HHW 
or the LLW. 
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A c c e l e r a t i o n  i n  t i m e  o f  H H W  and LLW i n  d e g r e e s  o f  d i u r n a l  wave ( 3 )  

P h a s e  d i f f e r e n c e  = MKO-$~V f o r  HHW and MK0k9O0-%w f o r  LLW 
P h a s e  
D i f f e r e n c e  

6 

7 
8 
9 

10  

11 
12 
13  

1 4  
1 5  
16 

17 
18  
19 

20 

30 
40 
50 

1 0 0  

500 

D i  f f e r  e n c e  
Tt 

oo: l o o :  20': 30°: 40': Z O O :  60': T O 0 :  a b o :  90°: 
180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270 : 

0 0 0 0 0 0 0 0 0 0 

0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0 .0  
0.0 

0.0 
0.0 
0.0  

0.0 
0.0 
0.0 

0 .0  

0.0 
0.0 
0.0 

0.0 

0.0 

6 . 0  12 .1  18 .4  25 .1  32 .4  40.7 51 .0  6 5 . 4  9 0 . 0  

6 . 4  12 .9  19 .6  26.7 34.5 43 .4  5 4 . 3  69 .0  9 0 . 0  
6 . 7  13 .5  20 .5  2 8 . 0  36.2 45 .5  56.7 71 .2  90 .0  
6 . 9  1 4 . 0  21 .3  2 9 . 1  37.6 47 .2  58.6 72 .8  9 0 . 0  

7 .2  1 4 . 4  22 .0  30 .0  38.7 48.6 60 .0  73 .9  90 .0  

7 . 4  14 .8  22.6 30 .8  3 9 . 7  49.6 61 .2  74 .7  90 .0  
7 . 5  1 5 . 1  23 .1  31.5 40 .5  50 .6  6 2 . 1  7 5 . 3  90 .0  
7.7 1 5 . 4  23 .5  32.0 41.2 51 .4  62 .8  75 .8  90.0 

7 . 8  15.7 23.9 32 .5  41 .8  52.0 6 3 . 4  76 .2  9 0 . 0  
7 .9  16 .0  2 4 . 3  3 3 . 0  42 .3  52 .6  64 .0  76 .5  9 0 . 0  
8 . 0  1 6 . 2  24.6 33 .4  42 .8  5 3 . 1  64 .4  76 .8  9 0 . 0  

8 . 1  1 6 . 4  24.9 33.8 4 3 . 2  5 3 . 5  6 4 . 8  7 7 . 0  9 0 . 0  
8 . 2  16 .5  25 .1  3 4 . 1  43.6 53.9 6 5 . 1  77 .2  9b.O 
8 . 3  16 .7  2 5 . 3  34 .4  44 .0  5 4 . 3  6 5 . 4  7 7 . 4  90 .0  

8 . 4  16 .8  25.5 34 .6  44 .3  54.6 65.7 77 .6  50.0 

8 . 8  17 .8  26 .9  36.3 4 6 . 2  56 .4  6 7 . 2  7 8 . 5  90 .0  
9 . 1  1 8 . 3  27.6 37.2 4 7 . 1  5 7 . 3  68 .0  78 .9  90 .0  
9 . 3  18.6 2 8 . 1  37.8 47 .7  57 .9  6 8 . 4  7 9 . 2  9 0 . 0  

9 . 6  19 .3  29 .0  38 .9  48.9 59 .0  6 9 . 2  79 .6  9 0 . 0  

9 . 9  19 .8  29.P 39.8 49 .8  59 .8  69 .8  79 .9  9 0 . 0  

0.0 1 0 . 0  20 .0  30 .0  40 .0  50 .0  6 0 . 0  7 0 . 0  PO.0 9 0 . 0  
180°: 170°: 160°: 150°: 140°: 130°: 120°: 110': l o o o :  90°: 
360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270 : 

i l a r  v a l u e s  p o s i t i v e  w i t h  t o p  arguments ,  n e g a t i v e  w i t h  bot tom 
arguments .  When p h a s e  d i f f e r e n c e  i s  90" or 270°, t h e  c o r r e s p o n d -  
i n g  d i u r n a l  i n e q u a l i t y  i s  z e r o  and t a b u l a r  v a l u e s  may b e  e i t h e r  
p o s i t i v e  o r  n e g a t i v e  a c c o r d i n g  t o  t h e  t i d e  s e l e c t e d  f o r  t h e  HHW 
o r  t h e  LLW. 



T a b l e  8a  

A c c e l e r a t i o n  i n  Lower High Water and Higher  Low Water 
Expressetl i n  d e g r e e s  of d i u r n a l  w a v e  

57 

Phase  
D i f f e r e n c e  

01 
> 
m 
3 
d 
m 
C 

7 

-a 
.r( 

.#-I 

5 
%-I 

0 

U 
m 
z 
4J 

0 
U 

01 
> 
m 
3 
1 
m 
C 

7 

V 

, k  
0 

W 
V 
1 

.r( 

U 
.r (  
4 
a 
5 
k 
0 

0 
.r( 

4J 
m a 

0.0 

0.1 
0.2 
0.3 

0.4 
0.5 
0.6 

0.7 
0 .8  
0 .9  

1 . 0  

1.1 
1.2 
1 .3  

1 . 4  
1 .5  
1 .6  

1 . 7  
1 .8  
1 . 9  

2 .0  

2 .1  
2 .2  
2 .3  

2.4 
2 .5  
2.6 

2 .7  
2 .E 
2.9  

3 .0  
Phase  
Di f  f e r e n c e  

180": 170': 160': 150°: 140" :  130° :  120': 110': l ooo :  90': 
360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270: 

0 0 0 0 0 0 0 0 0 0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.3 
0.5 
0.8 

1.1 
1 .4  
1 . 8  

2.1 
2.5 
2.9 

3.3 

3 .8  
4.2 
4.8 

5.3 
5 .9  
6.6 

7.3 
8 .1  
9 .0  

1 0 . 0  

11.1 
12 .4  
13.9 

15 .6  
17 .9  
21.1 

0.0 0.0 0.0 0.0 0.0 0.0 0 .0  0.0 

1 . 6  2 . 3  2 .9  3 .5  3.9 4.2 

2.2 3 .1  , 4 . 0  4.7 5.2 5 .6  
.2.8 4 .0  5 . 1  6 .0  6.6 7 . 0  
3 .4  5.0 6 . 3  7.3 8 . 1  8 . 5  

4.1 5.9 7 . 5  8.7 9.6 10 .1  
4.8 7 .0  8 .8  10 .2  11.1 1 1 . 7  
5 .6  8 .0  10 .1  11.7 12 .7  13 .3  

0 . 5  0.7 0 .9  1.1 1 . 3  1 . 4  1.4 1 .4  
1 .0  1 . 5  1 . 9  2 . 3  2.5 2.7 2 .8  2;9 

4 .3  4 . 3  

5.8 5.7 
7.2 7.2 
8 .7  8 .6  

0.2 10 .1  
1 . 8  11 .5  
3 .4  13 .0  

6 . 4  9.2 1 1 . 5  13 .3  14 .4  1 4 . 9  14.9 14.5 

7.3 10 .4  13 .0  14.9 1 6 . 1  16 .6  16 .6  16 .0  
8.2 11 .8  14 .6  1 6 . 7  18.0 18.4 18 .2  17.5 
9 . 3  13.2 1 6 . 4  18.6 1 9 . 9  20 .3  19 .9  19 .0  

1 0 . 4  14 .8  18 .3  20.7 21 .9  22.2 21 .6  20 .5  
11.6 16.5 20.3 22.9 24 .1  24 .2  23 .4  22.0 
12 .9  18 .4  22.6 25 .4  26.5 26 .3  25.3 23.6 

14 .3  20.5 25.3 2 8 . 1  29.1 28.6 27.2 25.2 
1 5 . 9  23.0 28.4 31.4 32 .0  31 .0  29.1 26.8 
17 .8  26.0 32.5 35.7 35 .5  33.7 31.2 28.4 

20 .0  30.0 40.0 43 .3  40.0 36 .7  33.3 30.0 

22.7 40.2 35.6 31.7 
26.4 44.6 38 .1  33.4 

40.7 35 .1  
T i d e  becomes d i u r n a l  w i t h  
n o  lower h igh  o r  h i g h e r  low 43.6 36.9 
w a t e r .  47.1 38.7 

51.4 40 .5  

42.4 
44.4 
46.5 

0.0 48.6 
0' : 10' 20"  30' 40' 5 0 "  60" 70° 80' 90": 

1 8 0  : 190 : 200  : 210 : 220 : 230 : 240 : 250 : 260 : 270: 
T a b u l a r  v a l u e s  d i r e c t l y  a p p l i c a b l e -  f o r  h i g h  w a t e r .  Change 
phase  d i f f e r e n c e  by k 90" f o r  l o w  w a t e r .  V a l u e s  p o s i t i v e  
w i t h  t o p  a r g u m e n t s ,  n e g a t i v e  w i t h  bo t tom a rgumen t s .  
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A c c e l e r a t i o n  i n  t i m e  of HHW and LLW i n  s o l a r  hours (1) 

Phase  
D i f f e r e n c e  

0.0 

0.1 
0.2 
0.3 

0.4 
0.5 
0.6 

0.7 
0.8 
0.9 

1 .0  

1.1 
1.2 
1.3 

1.4 
1.5 
1.6 

1.7 
1 . 8 '  
1 .9  

2.0 

2.1 
2.2 
2.3 

2 .4  
2.5 
2.6 

2.7 
2.8 
2.9 

3.0 
Phase  
D i f f e r e n c e  

Ta 1 

h o u r :  
0.00 

.00 
a00 
.oo 

eo0 
.oo . 00 

eo0 
. o o  . 00 

0 00 

.oo  

.oo 

. o o  

,oo  . 00 
. o o  

0 00 
eo0 
.oo  

. 00 

. 00 . 00 

.oo  

. o o  

.oo  

. o o  

. 00 

.oo  . 00 

h o u r :  
0.00 

.02 

.03 

.os  

.06 

.08 

.09 

.10  

.11 

.13  

.14 

.15 

.16 

.17 

.18 

.19  

.20 

. 2 1  
:2 1 
.22 

.23 

.24  

.24  

.25 

.26 

.27 

.27 

.28 

.28 

.29  

hour : 
0.00 

. 03 
.06 
.09 

.12  

.15 
'.18 

.20  

.23 

.25 

.27 

.30  

.32  

.34 

.36 

.37 

.39 

.41 

.43 

.44 

.46 

.48 
e49 
. 5 0  

.52 

.53 

.55 

. 5 6  

.57 

.58 

hour:  
0.00 

.05 

.09 

.14 

.18 

.22 

.26 

.30  

.34 

.37 

.41  

.44 

.47 

.50 

.53 

.56 

.59  

. 6 1  

.64 

.67 

. .69  

. 7 1  

.74 

.76 

.78 

.80  

.82 

.84 
.86 

88 

0': 1 0 " :  20° :  3 0 " :  4 0 " :  5 0 " :  60°: 70': 8 0 " :  90' 
180 : 1 9 0  : 2 0 0  : 2 1 0  : 2 2 0  : 2 3 0  : 2 4 0  : 2 5 0  : 2 6 0  : 270 : 

h o u r :  hour:  h o u r :  h o u r :  hour:  h o u r :  
0.00 

. 06  

.12 

.18 

. 2 4  

.29 
3 4  

. 3 9  

.44 

.49 

.53 

.58 
.62 
.66 

.70  

.74  

.78  

.82 

.85 

.89 

.92 

.95 

.9P 
1 . 0 1  

1 . 0 4  
1.07 
1.10 

1.13 
1 .16  
1.18 

0.00 0.00 0.00 0.00 0.00 

- 0 7  .08 .09  .10  .10  
- 1 5  .17 .18 .19 .20 
.22 .25 .27 .29  .30 

.28 .33 .36 .38 . .40 
- 3 5  .40 .45 .48 ,SO 
.42 .48 .53 .57 .60  

.48 .55 .h2 .66 , T O  

.54 .62 . 7 0  .76 .80 

.60 .69  .78 '.85 .90 

.65 .76 .86 .94 1.00 

. 7 1  .83 .94 1.03 1 .10  

.76 .90  1.02 1.12 1.20 

.82 .96 1 . 1 0  1 .21  1 .31  

.87 1.03 1.17 1.30 1.41 

.92 1 . 0 9  1.25 1 .39  1.52 

.97 1.15 1.32 1.48 1.63 

1 .01  1 . 2 1  1 .40  1.57 1 . 7 4  
1.06 1.27 1.47 1.66 1 .85  
1.11 1.32 1 .54  1 .75  1.96 

1.15 1.38 1 .61  1.84 2.07 

1.19 1.43 1.68 1 .93  2.18 
1.23 1 .49  1.75 2.02 2.30 
1.27 1.54 1 . 8 1  2 .10  2.42 

1.31 1.59 1.88 2.19 2.54 
1.35 1.64 1.95 2.28 2.67 
1.39 1 . 6 9  2 .01  2.37 2.80 

1.43 1.74 2.07 2.45 2.93 
1.46 1.79 2.14 2.54 3.07 
1.50 1.83 2.20 2.62 '3 .21  

. O O  .30  .59 .90  3 .21  1 .53  1.88 2.26 2 .71  3.35 
1 8 0  : 1 7 0  : 1 6 0  : 1 5 0  : 1 4 0  : 130 : 120 : 1 1 0  : 1 0 0  : 90 : 
360 : 3 5 0  : 3 4 0  : 3 3 0  : 320 : 3 1 0  : 3 0 0  : 290 : 280 : 2 7 0  : 

l a r  v a l u e s  p o s i t i v e  w i t h  t o p a r g u m e n t s  n e g a t i v e  w i t h  boLtom 
a r g u m e n t s .  When phase  d i f f e r e n c e  i s  90" or 2 7 0 ° J  t h e  c o r r e s p o n d -  
i n g  d i u r n a l  i n e q u a l i t y  i s  z e r o  and t a b u l a r  v a l u e s  may b e  e i t h e r  
p o s i t i v e  or n e g a t i v e  a c c o r d i n g  t o  the t i d e  se lected  f o r  t h e  HHW 
or t h e  LLW. 
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A c c e l e r a t i o n  i n  t i m e  of  HHW and LLW i n  solar hours ( 2 )  

Phase 
D i f f e r e n c e  

0 
c 
5 
B 
d 
5 
C 

a 
.I4 
-0 
.I4 

E, 
c 
0 
e) 
m 

A2 
4J 

0 
4J 

0 * m 
B - 
m 
C 

a 
* r (  
-u 
c 
0 

0 
-a 
a 
L) 

' I 4  

a 
5 

4 4  

0 

0 
.I4 
&I 
m ce 

3.0 

3.1 
3.2 
3.3 

3.4 
3.5 
3.6 

3.7 
3.8 
3.9 

4.0 

4.1 
4.2 
4.3 

4.4 
4.5 
4.6 

4.7 
4.8 
4.9 

5.0 

5.1 
5.2 
5.3 

5.4 
5.5 
5.6 

5.7 
5.8 
5.9 

6.0 
Phase  
D i f f e r e n c e  

Ta 

0":  10": 20" :  30" :  40":  50": 60": 70" :  80": 90": 
180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270 : 
hour:  h o u r :  h o u r :  hour:  hour:  hour:  hour:  hour:  hour:  hour:  
0.00 

.oo 

.oo . 00 

.oo  
. o o  
.oo 

.oo . 00 

.oo 

. o o  

.oo 
e 00 
.oo  

. 00 

.oo . 00 

.oo  
a00 
.oo 

.oo 

. 00 

.oo 

.oo 

.oo 

.oo  

.oo 

.oo 
. o o  
, 00 

0.30 

.30 

.31 
.31 

.32 

.32 

.33 

a33 
.34 
.34 

35 

.35 

.35 
.36 

.36 

.37 

.37 

.37 

.38 

.38 

.38 

039 
.39 
.39 

.40 

.40 
.40 

.41  

.41  

.41 

0.59 0.90 1.21 1.53 1.88 2.26 2.71 3.35 

.61  .91  1.23 1.56 1.92 2.31 2.79 3.50 

.62 .93 1.26 1.60 1.96 2.37 2.87 3.67 

.63 .95 1.28 1.63 2.00 2.43 2.95 3.84 

-6'4 .96 1.30 1 - 6 6 ,  2.04 2.48 3.04 4.02 
.65 .98 1.33 1.69 2.08 2.54 3.12 4.21 
.66 1.00 1.35 1.72 2.12 2.59 3.19 4.43 

.67 1 .01  1.37 1.75 2.16 2.64 3.27 4.67 

.68 1.03 1.39 1.77 2.20 2.69 3.35 4.95 

.69 1.04 1.41 1.80 2.23 2.74 3.42 5.32 

.70 1.05 1.43 1.83 2.27 2.79 3.49 6.21 

.70 1.07 1.45 1.85 2.30 2.84 3.56 6.21 

.71 1.08 1.46 1.88 2.34 2.88 3.63 6.21 

.72 1.09 1.48 1.90 2.37 2.93 3.70 6.21 

.73 1.11 1.50 1.93 2.40 2.97 3.76 6.21 

.74 1.12 1.52 1.95 2.43 3.01 3.83 6.21 

.74 1.13 1.53 1.97 2.46 3.05 3.89 6.21 

.75 1.14 1.55 1.99 2.49 3.09 3.95 6.21 

.76 1.15 1.57 2.01 2.52 3.13 4.00 6.21 

.77 1.16 1.58 2.04 2.55 3.17 4.06 6.21 

.77 1.18 1.60 2.06 2.57 3.21 4.11 6.21 

.78 1.19 1 .61  2.08 2.60 3.24 4.16 6.21 

.79 1.20 1.63 2.10 2.63 3.27 4.20 6.21 

.79 1 .21  1.64 2.12 2.65 3.31 4.25 6.21 

.EO 1.22 1.66 2.13 2.68 3.34 4.29 6.21 

.81 1.23 1.67 2.15 2.70 3.37 4.33 6.21 

.81 1.24 1.68 2.17 2.72 3.40 4.37 6.21 

.82 1.25 1.70 2.19 2.75 3.43 4.41 6.21 

.83 1.25 1.71 2.21 2.77 3.46 4.44 6.21 

.83 1.26 1.72 2.22 2.79 3.49 4.48 6.21 

.OO .42 .84 1.27 1.73 2.24 2.81 3.52 4.51 6.2: 
180 : 170 : 160 : 150 : 140 : 130 : 120 : 110  : 100  : 90 : - ~ .  

360 : 350 : 3 4 0  : 330 : 320 : 310 : 300 : 290 : 280 : 270 : 
Lar v a l u e s  p o s i t i v e  w i t h  t o p a r g u m e n t s ,  n e g a t i v e  w i t h  b o t t o m  

arguments .  When phase  d i f f e r e n c e  i s  90" or 270°, t h e  c o r r e s p o n d -  
i n g  d i u r n a l  i n e q u a l i t y  i s  z e r o  and t a b u l a r  v a l u e s  may be e i t h e r  
p o s i t i v e  o r  n e g a t i v e  a c c o r d i n g  t o  t h e  t i d e  s e l e c t e d  for t h e  HHW 
or t h e  LLW. 
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A c c e l e r a t i o n  i n  t i m e  of HHW and LLW i n  solar h o u r s  ( 3 )  

P h a s e  
D i f f e r e n c e  

W 
W 
1 
4J 

.I+ 

d 
a 
5 
W 
c 
m 
3 

m 
K 

1 
-w 
E 
u1 

0 
4J 

c( 

.r (  

.rl 

d 
m 
K 

1 
.r( 
W 

+I 

0 

0 
.r( 
4 2  
m cr. 

6 

7 
8 
9 

1 0  

11 
1 2  
1 3  

1 4  
15 
1 6  

1 7  
18 
1 9  

20  

30  
40 
50  

1 0 0  

5 0 0  

I n f i n i t e  
Phase  
D i f f e r e n c e  

Tal 

hour 
0.00 

.oo 

.oo 

.oo 

.oo  

.oo 

.oo 

.oo 

. 00 

.oo . 00 

.oo 

.oo 

.oo  

. 00 

.oo 

.oo . 00 

.oo 

.oo 

0": 10": 20" :  3O0: 40": 50": 60": 70": 80': 90": 
180 : 190 : 2 0 0  : 210 : 220 : 2 3 0  : 2 4 0  : 250 : 260 : 270 : 

: hour:  hour:  h o u r :  hour:  hour: hour: hour:  hour: hour: 
0.42 0.84 1.27 1.73 2.24 2.81 3.52 4.51 6 .21  

.44 .89  1.35 1.84 2.38 3.00 3.75 4.76 ' 6.21 

.46 ,93 1.42 1.93 2.50 3.14 3.92 4.92 6.21 

.48 .97 1.47 2.01 2.59 3.26 4.04 5.02 6.21 

.50 1.00 1.52 2.07 2.67 3.35. 4.14 5.10 6.21 

.51  1.02 '1.56 2.12 2.74 3.43 4.22 5.15 6.21 

.52 1.04 1.59 2.17 2.80 3.49 4.28 5.20 6.21 

.53 1.06 1.62 2.21 2.85 3.54 4.33 5.23 6.21 

.54 1.08 1.65 2.25 2.89 3.59 4.37 5.26 6.21 

.55 1.10 1.67 2.28 2.92 3.63 4.41 5.28 6.21 

.55 1.12 1.69 2.31 2.95 3.66 4.44 5.30 6.21 

456 1.13 1.71 2.33 2.98 3.69 4.47 5.32 6.21 
,57 1.14 1.73 2.35 3.01 3.72 4.49 5.33 6.21 
.57 1.15 1.75 2.37 3.03 3.74 4.51 5.34 6.21 

.58 1.16 1.76 2.38 3.05 3.76 4.53 5.35 6.21 

. 6 1  1.23 1.86 2.51 3.19 3.89 4.64 5.42 6.21 
.63 1.26 1 .91  2.57 3.25 3.96 4.69 5.45 6.21 
.64 1.28 1.94 2.61 3.29 4.00 4.72 5.46 6.21 

.66 1.33 2.00 2.68 3.37 4.07 4.78 5.49 6.21 

.68 1.37 2.06 2.74 3.43 4.13 4.82 5.51 6.21 

0.00 0.69 1.38 2.07 2.76 3.45 -4.14 4.83 5.52 6.21 
180" :  1 7 0 " :  1 6 0 " :  150" :  140" :  130°:  -120O: 1 1 0 " :  100" :  90" :  
3 6 0  : 350 : 340 : 330 : 320 : 310 : 3 0 0  : 2 9 0  : 2 8 0  : 2 7 0  : 

l a r  v a l u e s  p o s i t i v e  w i t h  t o p a r g u m e n t s .  n e R a t i v e  w i t h  bot tom - - 
arguments .  When p h a s e  d i f f e r e n c e  i s  90" o r  270°, t h e c o r r e s p o n d -  
i n g  d i u r n a l  i n e q u a l i t y  i s  z e r o  and t a b u l a r  v a l u e s  may be e i t h e r  
p o s i t i v e  or n e g a t i v e  a c c o r d i n g  to  t h e  t i d e  s e l e c t e d  f o r  t h e  H H W  
or t h e  LLW. 
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A c c e l e r a t i o n  i n  Lower High Water and Higher  Low Water 

6 1  

Phase  
D i f f e r e n c e  

0.0 

0.1 
0.2 
0.3 

0 .4  
0.5 
0.6 

0.7 
0.8 
0.9 

1 . 0  

1.1 
1 . 2  
1 . 3  

1 . 4  
1 . 5  
1 . 6  

1.7 
1 .8  
1 . 9  

2 .O 

2.1  
2.2 
2 .3  

2.4 
2 .5  
2 .6  

2.7 
2 .8  
2 . 9  

3 . 0  
Phase 
D i  f f e r e  nc e 

TI 

hqur : 
0.00 

.00  

. 00 

.00 

. 00 

.00 . GO 

. o o  
.00 
. n o  

.oo 

. 00 

.00  . 00 

.oo . 00 

.oo 

. 00 . 00 

.00 

. O O  

.00 . 00 

.oo  

. 00 

.oo 

.oo  

.oo  . 00 

. o o  

hour : 
0.00 

.02 

.o4 

.06 

.08  

.10 

.12 

.15 

.17 

. 20  

.23 

.26 

.29  

. 3 3  

.37 
-41  
.46 

.51 

.56 

.62 

.69  

.77 

.85 

.96 

1.08 
1.23 
1 .45  

hour : 
0.00 

. 03 

.07 

. ll  

.15 

. 1 9  

. 2 4  

.28  

.33 

. 39  

.44 

.50 

.57 

.64 

.71 

.80  

.89  

.99 
1 .10  
1 .23  

1 . 3 3  

1.57  
1 .82  

E x p r e s s e d  i n  s o l a r  hours 

180": 170": 160" :  150": 140": 130': 120': 110": 100" :  90": 
360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270 : 

hour:  hour:  hour:  hour:  hour:  h o u r :  hour:  
0.00 0.00 0.00 0.00 0.00 0.00 0.00 

.OS  .06 .08 . 09  .09 . I O  . I  ii 

.10  .13  .16 .18  .19 .2G .20 

.16 .20 .24 .27 .29  .30  .30 

.22 .28 .32 .36 .39 .40 .40 

.28 .35 -41 .46 .49  . S O  
.34 .43  .SO , .56 .59  . 6 0  .60 

.41 .52 .60 .66 .70 .71  .io 

. 48  . 60  .70 .77 . 8 0  .81 . S G  

.56 .70 .81  .88  .92 .92 .9U 

.64  . R O  .91 . 99  1 .03  1 .03  1.00  

.72 . 90  1 . 0 3  1.11 1 .15  1 .14  1.10 

.81 1 .01  1.15 1 .24  1.27 1 .26  1 .20  

.91 1 .13  1 .29  1.37 1 . 4 0  1 .37  1 .31  

1 .02  1 .26  1.43 1 . 5 1  1.53 1 .49  1 .41  
1 . 1 4  1.40 1 .58  1 .66  1.67 1 .62  1.52 
1.27 1 .56  1 .75  1 . 8 3  1.82 1.74 1 .63  

1 .41  1 .74  1 .94  2.01 1 .97  1.87 1 .74  
1.58 1 .96  2.17 2.21 2.14 2.01 1 .85  
1 .79  2.24 2.46 2.45 2.32 2.15 1 .96  

2.07 2.76 2.99 2.76 2.53 2 .30  2.07 

2.77 2.46 2.18 
3 .08  2.63 2.30 

2.81 2.42 

T i d e  becomes d i u r n a l  w i t h  3.01  2.54 
no lower  h i g h  or h i g h e r  low 3.25 2.67 
w a t e r .  3.55 2.80 

2 .93  
3.07 
3 .21  

.00  3.35 
00: 1 0 " :  2 0 ° : ,  30": 4 0 ° :  50': 60": 70": 80": 90': 

1 8 0  : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270 : 
~ l a r  v a l u e s  d i r e c t l y  a p p l i c a b l e  f o r  h i g h  w a t e r .  Change phase  

d i f f e r e n c e  b y ?  90" f o r  low w a t e r .  Values  p o s i t i v e  w i t h  t o p  a r -  
guments ,  n e g a t i v e  w i t h  botLom arguments .  
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H e i g h t  f a c t o r s  f o r  HHW a n d  LLW (1)  

0': 10': 20': 30": 40": 50': 60": 70': 80": 90" 
180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270 

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Phase 
D i f f e r e n c e  

0) > 
0 
L 

m 
C 
I4 

.I4 a 

.I4 
E 

4 

a 

u) 

+I 
0 

U 
6 
c 
U 

0 
&I 

0) > 
0 
b 

m 
C 
I4 
a 

.I4 
-0 

k 
0 

0) a 
a 
e) 

.I4 
4 

d 

P 
E 

w 
0 

0 
.I4 
U 
m ce 

0.0 

0 .1  
0.2 
0.3 

0.4 
0.5 
0.6 

0.7 
0.8 
0.9 

1.0 

1.1 
1.2 
1 .3  

1.4 
1.5 
1.6 

1.7 
1.8.  
1.9 

2.0 

2.1 
2.2 
2.3 

2.4 
2.5 
2.6 

2.7 
2.8 
2.9 

3.0 

Phase  
D i f f e r e n c e  

1.100 1.098 1.094 1.087 1.077 1.065 1.051 1.035 1.019 1.001 
1.200 1.197 1.188 1.174 1.155 1.131 1.104 1.073 1.040 1.005 
1.300 1.296 1.283 1.262 1.234 1.199 1.158 1.112 1.063 1.011 

1.400 1.394 1.378 1 - 3 5 1  1.314 1.268 1 -214  1.154 1.088 1.020 
1.500 1.493 1.473 1.440 1.395 1.338 1.272 1.198 1.116 1.031 
1.600 1.592 1.568 1.530 1.476 1.410 1.331 1.243 1.147 1.045 

1.700 1.691 1.664 1.620 1.558 1.482 1.392 1.290 1.179 1.061 
1.800 1.790 1.760 1.710 1.642 1.556 1.454 1.340 1.214 1.080 
1.900 1.889 1.855 1.800 1.725 1.630 1.518 1.391 1.251 1.101 

2.000 1.988 1.952 1.892 1.809 1.706 1.583 1.444 1.290 1.125 

2.100 2.087 2.048 1.983 1.894 1.782 1.650 1.498 1.331 1.151 

2.300 2.285 2.240 2.167 2.066 1.938 1.786 1.612 1.419 1.211 
2.200 2.186 2.144 2.075 1.980 1.860 1.717 1.554 1.374 1.180 

2.400 2.384 2.337 2.259 2.152 2.017 1.856 1.672 1.467 1.245 
2.500 2.483 2.434 2.352 2.239 2.097 1.927 1.732 1.516 1.281 
2.600 2.583 2.531 2.445 2.327 2.177 1.999 1.795 1.567 1.320 

2.700 2.681 2.628 2.538 2.414 2.259 2.072 1.859 1.620 1.361 
2.800 2.781 2.725 2.632 2.503 2.341 2.147 1.924 1.676 1.405 
2.900 2.880 2.822 2.725 2.592 2.423 2.222 1.991 1.733 1.451 

3.000 2.980 2.919 2.819 2.681 2.506 2.298 2.059 1.792 1.500 

3.100 3.079 3.036 2.913 2.770 2.590 2.375 2.128 1.85'2 1 .551 
3.200 3.178 3.114 3.007 2.860 2.675 2.453 2.198 1.914 1.605 
3.300 3.278 3.211 3.102 2.951 2.760 2.532 2,270 1.978 1.661 

3.400 3.377 3.309 3.196 3.041 2.845 2.611 2.343 2.044 1.720 
3.500 3.477 3.407 3.291 3.132 2.931 2.692 2.417 2.112 1.781 
3.600 3.576 3.504 3.386 3.223 3.018 2.773 2.492 2.181 1.845 

3.700 3.676 3.602 3.481 3.315 3.105 2.854 2.568 2.251 1.911 
3.800 3.775 3.700 3.577 3.406 3.192 2.937 2.646 2.323 1.980 
3.900 3.874 3.798 3.672 3.498 3.280 3.020 2.724 2.397 2.051 

4.000 3.974 3.896 3.768 3.591 3.368 3.104 2.803 2.472 2.125 

180": 170": 160': 150': 140': 130': 120': 110': 100": 90' 
360 : 350 : 340 : 330 : 320* :  310 : 300 : 290 : 280 : 270 

F a c t o r  m u l t i p l i e d  by ampl i tude  o f  s emid iu rna l  wave g i v e s  h e i g h t  
of H H W  above MSL or d e p r e s s i o n  o f  LLW below MSL. 
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Phase 
D i f f e r e n c e  

P) 3.0 
k 

0": 10": 20": 30": 40": 50": 60": 70": 80": 90" 
180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270 

4.000 3.974 3.896 3.768 3.591 3.368 3.104 2.803 2.472 2.125 
5 3.1 

6 3.2 

u 
& 2 4.0 

Phase 
D i f f e r e n c e  

4.100 4.073 3.994 3.863 3.683 3.457 3.188 2.882 2.548 2.201 
4.200 4.173 4.092 3.959 3.776 3.546 3.273 2.964 2.626 2.280 
4.300 4.272 4.190 4.055 3.869 3.635 3.359 3.045 2.705 2.361 

4.400 4.372 4.289 4.151 3.962 3.725. 3.445 3.128 2.786 2.445 
4.500 4.471 4.387 4.247 4.056 3.815 3.531 3.211 2.867 2.531 
4.600 4.571 4.485 4.344 4.149 3.906 3.618 3.295 2.950 2.620 

4.700 4.671 4.584 4.440 4.243 3.996 3.706 3.380 3.033 2.711 
4.800 4.770 4.682 4.537 4.337 4.087 3.794 3.465 3.118 2.805 
4.900 4.870 4.700 4.633 4.431 4.178 3.882 3.551 3.204 2.901 

5.000 4.970 4.879 4.730 4.525 4.27.0 3.971 3.638 3.291 3.000 

180": 170": 160": 150": 140": 130": 120": 110": 100": 90" 
360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270 

F a c t o r  m u l t i p l i e d  by ampl i tude  of s e m i d i u r n a l  wave g i v e s  h e i g h t  
o f  H H W  above MSL or d e p r e s s i o n  o f  LLW below M a .  

I f  r a t i o  of ampli.tude of  d i u r n a l  wave t o  t h a t  o f  s e m i d i u r n a l  wave 
i s  g r e a t e r  t han  4.0, u se  Tab le  16. 
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Phase  
D i f f e r e n c t  

4 2.C 
a .  

M 2.1 

2.3 

0 2.4 
4J 2.5 
2 2.6 

2.7 
2.8 
2.9 

3.0 

4J 
.PI 

a 3 2.1 

c 
0 

.r( 

P h a s e  
D i f f e r e n c e  

al 
> 
m 
B 

M 
6 
E 

1 
.PI 
W 
.PI 

E 
c 
0 

L) 
6 
c 
Y 

0 
L) 

0 

a 
B 

m 
e 
1 

.PI 
W 

c 
0 

.-I 

0. ( 

0. : 
0.: 
0. : 

0. ' 
0. t 
0. t 

0.7 
0. € 
0.5 

1.c 

1. I 
1 . 2  
1.: 

1 . 4  
1.5 
1. t  

1 .7  
1 .e  
1.9 

T a b l e  l o a  

H e i g h t  f a c t o r s  f o r  LHW and HLW 

180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270 

1.000 1.000 1.000 1.000 1.000 1.000 

0.900 0.902 0.90G 0.914 0.924 0.936 
.800 . 8 0 3  .813 .P28 .849 .874  
.700 .705 .720 . 7 4 3  .775 , 8 1 4  

.600 .607 .627 .659 .702 .755 

. S O 0  .SO9 .534 -576  .631  .699 
.400 . 4 1 1  .442 .493 .561 .644  

.300 - 3 1 3  .351  .412 .. 493 .591  

.200 .215 .260 . 3 3 1  .426 .540 

. l o 0  ' .117 . 169 .252 . 3 6 1  .491  

.OOO .020 .079 .174  .298 .445 

-. 100 -.077 -a010 a097 -237 - 4 0 1  
-.200 -a174 -SO98 - 0 2 1  - 1 7 8  -360  
-.300 -a271 - . l e6  -SO52 - 1 2 1  a322 

-.400 -.367 -.273 -.124 -067  -287  
- . S O 0  -.464 -e358 -.194 -016  -256  
-.600 -.560 -.443 -.262 -a033 -229  

-a700 -a655 -a526 -a327 -.!I76 - 2 0 6  
- a 8 0 0  -a751 -a608 -.389 -a115 - 1 8 8  
-.900 -.E45 -a688 -a447 -a149 .176 

1.000 -.940 -e766 - a 5 0 0  -e174 - 1 7 4  

1.100 -1.033 -a841 
1.200 -1.126 -a913 
1.300 -1.218 

1.000 

0.951 
.904 
.859 

.8  16 

.775 

.7 36 

.700 

.667 
,636  

.607 

.582 

.560 
,540  

.524 

.512 

.SO4 

.so0 

.so1 

. S O 8  

.521  

1.400 -1.309 T i d e  becomes d i u r n a l  w i t h  no 
1.500 -1.398 lower h i g h  or h i g h e r  low water .  
1.600 -1.486 

1.700 
1.800 
1.900 

2.000 

1.000 1.000 1.000 

0.967 0.984 1.001 
.936 .970 1.005 
.908 . 9 5 9 ~  1.011 

.882 .950 1.020 
,858  .944 1.031 
.837 . 9 4 1  1.045 

.818 .940 1.061 

.802 .942 1.080 

.789 .946 1.101 

-779 .953  1.125 

.772 .963  1 .151  

.767 .976 1.180 

.766 .992 1.211 

,768  1.010 1.245 
.774 1.032 1.281 
.783  1.057 1.320 

.796 1.085 1.361 

.E13 1.116 1.405 

.834  1.150 1.451 

.860 1.188 1.500 

.892 1.230 1.551 

.930 1.275 1.605 
1.324 1.661 

1.377 1.720 
1.435 1.781 
1.498 1.845 

1.911 
1.980 
2.05 1 

2.125 

180': 170': 160': 150': 140': 130': 120': 110': 100': 90' 
360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270 

T a b u l a r  f a c t o r  d i r e c t l y  a p p l i c a b l e  f o r  LHW. Change phase  d i f f e r e n c e  by 
k 90' for HLW. F a c t o r  a p p l i e d  t o  a m p l i t u d e  o f  s e m i d i u r n a l  wave g i v e s  
h e i g h t  of LHW above MSL or d e p r e s s i o n  of  HLW below MSL. 



Phase 
Difference 

0.0 

0.1 
0.2 
0.3 

0.4 
0.5 
0.6 

0.7 
0.8 
0.9 

1 .o 

1.1 
1.2 
1.3 

1.4 
1.5 
1.6 

1.7 
I .8 
1.9 

2.0 

2.1 
2.2 
2.3 

2.4 
2.5 
2.6 

2.7 
2.8 
2.9 

3.0 

Phase 
Di f f e renc e 

Fai 

Table 10t 

Tropic MHW and LLW factors with P, corrections 
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0": 10": 20": 30": 40": SO": 60": 70": 80" :  90": 
180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270 : 

1.000 1.000 1,000 1.000 1,000 1.000 1.000 1.000 1.000 1.000 

1.100 1.098 1.094 1.087 1.077 1.065 1.051 1.035 1.019 1.013 
1.200 1.197 1.188 1.174 1.155 1.131 1.104 1.073 1.041 1.029 
1.300 1.296 1.283 1.262 1.234 1.199 1.158 1.112 1.064 1.048 

1.400 1.394 1.378 1.351 1.314 1.268.1.214 1.154 1.090 1.069 
1.500 1.493 1.473 1.440 1.395 1.338 1.272 1.198 1.118 1.092 
1.600 1.592 1.568 1.530 1.476 1.410 1.331 1.243 1.150 1.119 

1.700 1.691 1.664 1.620 1.558 1.482 1.392 1.290 1.182 1.147 
1.800 1.790 1.760 1.710 1.642 1.556 1.454 1.340 1.218 1.178 
1.900 1.889 1.855 1.800 1.725 1.630 1.518 1.391 1.255 1.211 

2.000 1.988 1.952 1.892 1.809 1.706 

2,100 2.087 2.048 1.983 1.095 1.782 
2.200 2.186 2.144 2.075 1.980 1.860 
2.300 2.285 2.240 2.167 2.066 1.938 

.583 1.444 1.295 1.248 

, 6 5 0  1.498 1.337 1.286 
,717 1.554 1.381 1.327 
.786 1.612 1.428 1.371 

2.400 2.384 2.337 2.259 2.152 2.017 1.856 1.672 1.477 1.417 
2.500 2.483 2.434 2.352 2.239 2.097 1.927 1.732 1.528 1.465 
2.600 2.583 2.531 2.445 2.327 7.177 1.999 1.795 1.581 1.517 

2.700 2.681 2.628 2.538 2.414 2.259 2.072 1.859 1.635 1.570 
2.800 2.781 2.725 2.632 2.503 2.341 2.147 1.924 1.694 1.626 
2.9CO 2.880 2.822 2.725 2.592 2.423 2.222 1.991 1.754 1.684 

3.000 2.980 2.919 2.819 2.681 2.506 2.29P 2.059 1.816 1.746 

3.100 3.079 3.016 2.913 2.770 2.590 2.375 2.128 1.880 1.809 
3.200 3.178 3.114 3.007 2,,860 2.675 2.453 2.198 1.945 1.875 
3.300 3.278 3.211 3.102 2.951 2.760 2.532 2.270 2.014 1.944 

3.400 3.377 3.309 3.196 3.041 2.845 2.611 2.343 2.086 2.015 
3.500 3.477 3.407 3.291 3.132 2.931 2.692 2.417 2.160 2.088 
3.600 3.576 3.504 3.386 3.223 3.018 2.773 2.492 2.236 2.165 

3.700 3.676 3.602 3.481 3.315 3.105 2.854 2.568 2.310 2.243 
3.800 3.775 3.700 3.577 3.406 3.192 2.937 2.646 2.390 2.324 
3.900 3.874 3.798 3.672 3.498 3.280 3.020 2.724 2.470 2.407 

4.000 3.974 3.896 3.768 3.591 3.368 3.104 2.803 2.550 2.494 

180': 170": 160": 150": 140": 130": 120": 110": 100": 90": 
360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270 : 

or is to be multiplied by amplitude of semidiurnal w a v e .  



66 Table  1 0 t  

Tropic  HHW and LLW f a c t o r s  w i t h  P I  c o r r e c t i o n s  - c o n t ' d  

Phase 
D i f f e r e n c e  

3.0 

3.1 
3.2 
3.3 

3.4 
3.5 
3.6 

3.7 
3.8 
3.9 

4.0 

Phase 
D i f f e r e n c e  

Fac 

0': 10': 20': 30': 40': 50': 60': 70': 80': 90': 
180 : 190 : 200 : 210 : 220 : 230 : 240 : 250 : 260 : 270 : 

4.000 3.974 3.896 3.768 3.591 3.368 3.104 2.803 2.550 2.494 

4.100 4.073 3.994 3.863 3.683 3.457 3.188 2.882 2.640 2.582 
4.200 4.173 4.092 3.959 3.776 3.546 3.273 2.964 2.730 2.674 
4.300 4.272 4.190 4.055 3.869 3.635 3.359 3,045 2.820 2.767 

4.400 4.372 4.289 4.151 3.962 3.725 3.445 3.128 2.910 2.863 
4,500 4.471 4.387 4.247 4.056 3.815 3.531 3.211 3.010 2.962 
4.600 4.571 4.485 4.344 4.149 3.906 3.618 3.295 3.110 3.062 

4.700 4.671 4.584 4.440 4.243 3.996 3.706 3.380 3.210 3.166 
4.800 4.770 4.682 4.537 4.337 4.087 3.794 3.465 3.310 3.272 
4.900 4.870 4.780 4.633 4.431 4.178 3.882 3.551 3.410 3.380 

5.000 4.970 4.879 4.730 4.525 4.270 3.971 3.638 3.510 3.492 

180': 170': 160': 150': 140": 130': 120': 110': 100': 90': 
360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270 : 

or i s  t o  be m u l t i p l i e d  by amplitude o f  semidiurnal  wave. 
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Phase  
D i f f e r e n c e  

0.0 

0 .1  
0.2 
0.3 

0 . 4  
0.5 
0.6 

0.7 
0.8 
0.9 

1 .0  

1.1 
1 .2  
1 .3  

1.4 
1.5 

1 1.6  

1.7 
1.8 
1.9 

2.0 

2 .1  
2.2 
2.3 

2.4 
2.5 
2.6 

2.7 
2.8 
2.9 

3.0 
Phase  
D i f f e r e n c e  

Fo 

D i u r n a l  i n e q u a l i t y  f a c t o r s  

0': 10': 20': 30': 40': 50': GO': 70': 80': 90' 
180  : 170 : 160 : 150 : 140 : 130 : 120 : 110 : 100 : 90 

D.OOO 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

, 200  .197 . 188 .173  .153  . 129 , 1 0 0  .068 .035 . O O U  
.400 .394  .375 .34G ,306  .257 .200 ,137  .070 .OOO 
.600  .591  . 5 6 3  .519 .459 .385 .299 .204  - 1 0 4  .OOO 

.EO0 .787 .751  .692 .612  .513' .398  - 2 7 2  .138  .OOO 
1.000 .984 .939 .E64 .764  .640 .497 .340 .172  .OOO 
1.200 1.181 1.126 1.037 .915  .766 .595 .406 .206  .OOO 

1.400 1.378 1 .313  1.208 1.065 .E91 .692  , 4 7 2  .239 .OOO 
1.600 1.575 1.500 1.379 1.215 1.016 .787 ,538  .272  .OOO 
1.800 1.772 1.686 1.549 1.364 1.139 .E82 .602  .305  .OOO 

2.000 1.968 1.872 1.718 1 .511  1 .261  .976 .665 .337 .OOO 

2.200 2.164 2.057 1.886 1.657 1 .381  1.068 .726 .368 -000 
2.400 2.360 2.242 2.054 1.802 1.500 1.158 .787 , 3 9 8  .OOO 
2.600 2.556 2.426 2.219 1.945 1.616 1.246 .846 .428 ,000 

2.800 2.752 2.610 2.383 2.085 1.730 1.332 , 9 0 3  .457 .OOO 
3.000 2.947 2.792 2.546 2.223 1.841 1.415 .958  .484  -000 
3.200 3.142 2.974 2.707 2.359 1.948 1.495 1.012 .510 .OOO 

3.400 3.337 3.154 2.865 2.490 2.053 1.572 1.063 .536 ,000 
3.600 3.532 3.333 3.021 2.618 2.153 1.646 1.111 - 5 6 0  .OOO 
3.800 3.726 3.510 3.172 2.741 2.247 1.714 1.157 .583  .OOO 

4.000 3.920 3.685 3.319 2.855 2.332 1.777 1.199 .604  .OOO 

4.200 4.112 3.857 1.236 .622  .OOO 
4.400 4.304 4.027 T i d e  d i u r n a l  1.266 .639 .OOO 
4.600 4.496 .654  .OOO 

4.800 4.686 
5.000 4.875 
5.200 5.062 

5.400 
5.600 
5.800 

.667 .OOO 

.677 -000 

. 683  .OOO 

,000 
.ooo 
.ooo 

6.000 .ooo 
180': 190': 200': 210': 220': 230': 240': 250': 260': 270" 
360 350 340 330 320 310 300 290 280 270 
HHW-MW e n t e r  t a b l e  w i t h  P h a s e  d i f f e r e n c e  = P 

For HLW-LLW e n t e r  t a b l e  w i t h  Phase  d i f f e r e n c e  = E 9 0 '  
I n  e i t h e r  c a s e  m u l t i p l y  t a b u l a r  f a c t o r  by a m p l i t u d e  o €  
semi d i  u r n a  1 w n v e .  



68 T a b l e  l l t .  - T r o p i c  i n e q u a l i t y  f a c t o r s  w i t h  P, c o r r e c t i o n s  

Phase  
D i f f e r e n c e  

aJ 
> 
m 
B 
--I 

m 
E 

1 
.r( 
-0 
.I4 

5 
w 
k 
0 

U 
m 
L 
U 

0 
Y 

al 
F 
Q s 

m 
4 

E 

1 

TJ 
k 
0 

al 
-0 
7 
U 

.I4 
H 

.I4 

n. 
9 
k 
0 

0 
.I4 
U 
m oc 

0.0 

0.1 
0 .2  
0 .3  

0.4 
0.5 
0.6 

0.7 
0 ,8  
0.9 

1 . 0  

1.1 
1 .2  
1 .3  

1 . 4  
1 .5  
1.6 

1.7 
1.8 
1 .9  

2.0 

2 .1  
2.2 
2 .3  

2.4 
2 .5  
2.6 

2.7 
2.8 
2 .9  

3.0 
Phase  
D i f f e r e n c e  

0" 10" 20"  30" 40" 50" 60" 70" 80" 90" 
180 170 160 150 140 130 120 110 100 90 

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

,200 .197 ,188  ,173  .153 ,129  .IO0 ,068  .036 ,025  
.400 ,394  .375 ,346  .306 .257 ,200  .137 , 0 7 1  .049 
,600  .591  .563  .519 .459 .385 ,299  .204 . l o 6  .074 

.800 ,787 .751  ,692  ,612  , 5 1 3  .398 ,272 , 1 4 1  ,098  
1.000 .984 .939  .E64 , 7 6 4  .640 .497 .340 ,176  .123 
1.200 1.181 1.126 1.037 ,915 .766 .595  .406 ,211  ,148 

1.400 1.378 1.313 1.208 1.065 .E91 , 692  ,472  ,246  .172 

1.800 1.772 1.686 1.549 1.364 1 ,139  ,882  .602 ,314  , 2 2 1  
1.600 1.575 1.500 1.379 1.215 1.016 ,787  ,538 e280 e197 

2.000 1.968 1 .872  1.718 1.511 1 .261  .976 .665 .347 ,246  

2.200 2.164 2.057 1 , 8 8 6  1.657 1.381 l . O h 8  ,726  ,380  , 2 7 1  
2.400 2.360 2.242 2.054 1.802 1.500 1.150 .787 ,412  .295 
2.600 2.556 2.426 2.219 1.945 1.616 1.246 .E46 .445 , 3 2 0  

2.800 2.752 2.610 2 .383  2.085 1.730 1.332 .903 ,477  .344 
3,.000 2.947 2.792 2.546 2.223 1.841 1.415 .958 .SO8 .369 
3.200 3.142 2.974 2.707 2 .359  1.948 1.495 1.012 ,537  .394 

3.400 3.337 3.154 2.865 2.490 2.053 1.572 1 .063  ,567  , 4 1 8  

3.800 3.726 3 .510  3.172 2.741 2.247 1.714 1.157 .624 .467 

4.000 3.920 3.685 3.319 2.855 2.332 1.777 1.199 ,652  ,492 

3 ,600  3.532 3.333 3.021 2.618 2.153 1.646 1.111 e596 e443 

4.200 4.112 3.857 1.236 .677 .SI7  
4.400 4.304 4.02; 1.266 .702 , 5 4 1  
4.600 4.496 T i d e  d i u r n a l  .727 .566 

4.800 4.686 
5.000 4.875 
5.200 5.062 

5.400 
5.600 
5.800 

.750 ,590  
,773  .615 
.793  .640 

, 6 6 4  
.689  
.713 

6.000 ,738  
180" 190"  200" 210" 220" 230" 240" 250" 260" 270" 
360' 350 340 330 320  310 300 290  280 270 

F a c t o r  i s  t o  be m u l t i p l i e d  by a m p l i t u d e  o f  s e m i d i u r n a l  wave .  
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Table 12.  - Effect of P, on diurnal inequality 69 

I 0.637 0.627 0.617 0.607 0.598 0.588 0.578 0.569 0.559 0.550 

.540 .530 .521 . 511 ,502 .493 .494 ,475 . 4 ~  .458 
,449 -440 ,431  ,423 ,415 a406 ,398  ,390 ,382 ,373 
,365  .357 ,349 ,341 ,333 ,326 , 3 1 8  ,310 .303 .296 

.288 ,281  .273 .266 ,259  ,252  .245 ,238 ,231 .224 

.218 . 211  -204  -198  ,191  , 185  ,179 .173 ,167 .I61 
,155  .149 ,143 . I 3 8  ,132 .126 .120 ,115 .110 .IO5 

,100 ,095 ,090 -085 ,080 ,075 e071 ,067  e063 -058  
,054  .050 .046 .043 ,039  .035 .031 .028 .025 .022 
.019 ,016 .013 - 0 1 1  ,009 ,007 .005 .003 ,002 .001 

1.0 

Table = 0.6366 (1-L2IK - 0.0111 L (COS"L)~ 

L = HWQ'/BP, for HW inequality, or LWQ'/2P, for L W  inequality. 

Note:- Tabular value multiplied by amplitude of P,  will Give the 
change in height of"W or LLN' due to presence of this constituent. 
If above factor is to be combined with factors inTable 10, it should 
first be multiplied by ratio P,/M,. 
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0.0 

0 . 1  

0 .3  
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0 . 4  
0.5 
0.6 

0.7 
0.8 
0.9 

1.0 

Table 13.  - Mean diurnal inequality factors 
(Including P I  effect) 

0.646 0.646 0.646 0.646 0.646 0.646 0.646 0.646 0.646 0.646 

.643 ,642 ,633  .619 .601 .582 .563 .547 ,536 ,531 

,641  .638 ,616 .585 .543 .495 -446 .402 ,369  .357 
,642  ,640 -624  -598  -566 -531  ,496 ,465 ,446 e437 

a641 a635 ,611 ,574  -522  a467 ,406 -349 ,308  ,291 
.641 , 6 3 4  ,608 .565 ,511  ,446 .375 ,309 .256 .235 
,640 .632 .605 .560 ,502 ,432 .354 .278 ,215 .189 

.639 .631 ,604  .557 .495 .422 .339 .255 ,183  ,151 
.638 .630 .602 .555 .492 .416 .329 ,239 . I 6 2  ,127 
,638 ,629  .600 .554 -489  ,413  ,324  .231 ,152 ,113  

a639 .629 a600 -552  -488  ,410 -321  ,227 -145  -106 

180" 170' 160" 150" 140" 130" 120" 110" 100" 90" 

0"  10" 20" 30" 40" 50" 60" 70" 80" 90" 
180 190 200 210 220 230 240 250 260 270 

For mean inequalities multiply factor by (K,fO, 1. 



Table  14.- A c c e l e r a t i o n  i n  d i u r n a l  t i d e  due t o  s e m i d i u r n a l  wave. 7 1  
(Expressed  i n  d e g r e e s  of  d i u r n a l  wave)  

0.00 

. O l  

.02 

.03  

.04 

.OS 
-06 

.07 

.09 

.IO 

. l l  

.12 

.13 

. I 4  

.IS 

.16 

.17 

.19 

.20 

.21 
.22 
.23  

.24 

.25 

.26 

.27 

.28 

.29 

.30 

.oa 

. i a  

o o  i o o  200  30" 400 soo 60" 700 a o o  goo 
i a o  190 200 210 220 230 240 250 260 270 

0 0 0 0 0 0 0 0 0 0 - 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 + 

- 
0.0 

0.4 
0.7 
1.1 

1 .4  
1 .6  
1.9 

2 . 2  
2.4 
2.6 

2.8 

3.0 
3.2 
3.4 

3.6 
3.7 
3.9 

4 . 0  
4.2 
4.3 

4.4 

4.6 
4.7 
4.8 

4.9 
5.0 
5.1 

5.2 
5.3 
5.4 

5.4 + 

- 
0.0 

0.7 
1.4 
2.0 

2.6 
3.2 
3.7 

4.2 
4.7 
5.1 

5.6 

5.9 
6.3 
6.7 

7.0 
7.4 
7.7 

8.0 
8 .3  
8.5 

8.8 

9.0 
9.3 
9.5 

9.7 
9.9 

10.1 

10.3 
10.5 
IO. 7 

10.9 
+ 

- - 
0.0 0.0 

1.0 1.1 
1.9 2.2 
2.8 3.3 

3.6 4.3 
4.5 5.4 
5.2 6.4 

6.0 7 . 3  
6.7 8.2 
7.4 9.1 

8.0 10.0 

8 . 6  10.8 
9.2 11.6 
9.7 12.3 

10.3 13 .1  
10.8 13.8 
11.2 14.4 

11.7 15 .1  
12.1 15.7 
12.6 16.3 

13.0 16.8 

13.3 17.4 
13.7 17.9 
14.1 18.4 

14.4 18.8 
14.7 19.3 
15 .0  19.7 

15.3 20.2 
15.6 20.6 
15 .9  21.0 

16 .2  21.3 
+ 4- 

- - 
0.0 0.0 

1.1 1.0 
2.3 2 .1  
3.4 3.1 

4.6 4.3 

6.9 . 6.6 

8.0 7.8 
9.1 9.0 

10.2 10.2 

11 .3  11.4 

12 .3  12.7 
13 .3  13.9 
14.3 15.1 

15.2 16.2 
16 .1  17 .4  
17.0 18.5 

17.8 19.6 
18.7 20.7 
19.4 21.7 

20.2 22.7 

20.9 23.6 
21.6 24.6 
22.3 25.5 

22.9 26.3 
23.5 27.1 
24.1 27.9 

24.7 28.7 
25.2 29.4 
25.7 30.1 

26.3 30.8 

5 .7  5.4, 

4. c 

- 
0.0 

0.8 
1.6 
2.4 

3.3 
4 . 3  
5.3 

6.4 
7.5 
8.7 

10.0 

11.3 
12.6 
13.9 

15.3 
16.7 
18.1 

19.5 
20.9 
22.2 

23.5 

24.8 
26.1 
27.3 

28.5 
29.6 
30.7 

31.7 
32.7 
33.6 

34.5 
t 

- 
0.0 

0.4 
0.8 
1.3 

1.8 
2.4 
3.0 

3.7 
4.4 
5.2 

6.1 

7.1 
8.2 
9.4 

10.6 
12.1 
13.6 

15.2 
16.9 
18.6 

20.5 

22.3 
24.1 
25.9 

27.7 
29.4 
31.0 

32.5 
34.0 
35.4 

36.8 

- 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0 .o 
0.0 

0.0 
0.0 

15.9 

22.2 
26.8 
30.5 

33.6 + t 
180' 170" 160" 150" 140" 130' 120" 110" 100" 90' 
360 350 340 330 320 310 300 290 280 270 
Tabular  v a l u e  i s  n e g a t i v e  w i t h  t o p  argument,  p o s i t i v e  w i t h  bottom 
argument.  
Table  d i r e c t l y  applicable t o " ;  change  argument P by 2 90" for LW. 
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x 
0.00 

.01 
, 0 2  
.03 

.04 

.05 

.06 

.07 

.08 

.09 

.10 

.11 

. I 2  

. I 3  

.14 

. I 5  

. I 6  

. I 7  

.I8 

. I 9  

.20 

.21 

.22 

.23 

.24 

.25 

.26 

.27 
a28 
.29 

.30 

Table 15 

Acceleration in diurnal tide due to semidiurnal wave 
(Expressed in solar hours)  

0" LO" 20" 30" 40" 50" 60' 70" 80" 90" 
180 , 1 9 0  200 210 220 230 240 250 260 270 
hour hour hour hour hour hour hour hour hour hour - 
0.00 

.oo 

.oo 

.oo 

.oo . 00 

.oo 

. 00 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo . 00 . 00 

. 00 

- 
0.00 

.03 

.05 

.08 

.IO 

.I1 

. I 3  

. I 5  . I7 

.I8 

. I 9  

.21 

.22 

.23 

.25 

.26 

.27 

.28 

.29 

.30 

.31 

.32 

.32 

.33 

.34 

.34 

.35 

.36 

.37 

.37 

.37 
+ 

- 
0.00 

.05 

.10 

. I 4  

.I8 

.22 

.26 

.29 

.32 

.35 

.38 

.41 

.43 
.46 

.48 

. 5 1  

.53 

.55 

.57 

.59 

. h l  

.62 

.64 

.66 

.67 

.68 

.70 

.71  

.72 

.74 

.75 
+ 

- 
0.00 

07 
. I 3  
.19 

.25 

. 3 1  

.36 

.41  

.46 

.51  

. 5 5  

.59 

.63 
.67 

. 7 1  

.75 

.78 

.81 

.84 

.87 

.90  

.92 

.95 

.97 

.99 
1.02 
1.04 

1.06 
1.08 
1.10 

1.12 
+ 

- - 
0.00 0.00 

.08 .08 

.I5 .16 

.23 .24 

.30 .32 

.37 .40 

.44 .48 

.so .55 

.57 .63 

.63  .70 

.69 .78 

.75 .85 

.80 .92 

.85 .99 

.90 1.05 

.95 1.11 

.99 1.17 

1.04 1.23 
1.08 1 . 2 9  
1 .12  1.34 

1.16 1.39 

1.20 1.44 
1.24 1.49 
1.27 1.54 

1.30 1.58 
1.33 1.62 
1.36 1.66 

1.39 1.70 
1.42 1.74 
1 .45  1 . 7 7  

1.47 1.81 
+ c 

- 
0.00 

.07 

. I 4  

.22 

.30 

.38 

.46 

.54 

.62 

.70 

.79 

.88 

.96 
1.04 

1.12 
1.20 
1.28 

1.35 
1.43 
1.50 

1.57 

1.63 
1.70 
1 .76  

1.81 
1.87 
1.93 

1.98 
2.03 
2.08 

2.13 
+ 

- 
0.00 

.os 

.I1 

.17 

.23 

.30 

.37 

.44 

.52 

.60 

.69 

.78 

.07 

.96 

1.06 
1.15 
1.25 

1.35 
1.44 
1.53 

1.62 

1.71 
1.80 
1.80 

1.96 
2.04 
2.12 

2.19 
2.26 
2.32 

2.38 
L 

- 
0.00 

.03 

.06 

.09 

.13 

. I 7  

.21  

.26 

.31  

.36 

.42 

.49 

.57 

.65 

.74 

.94 

1.05 
1.17 
1.29 

1.41 

1.54 
1.66 
1 . 7 9  

1.91 
2.03 
2.14 

2.24 
2.35 
2.44 

2.54 

. a 3  

I 

- 
0.00 

.oo 

.oo 

.oo 

. 00 . 00 

.oo 

.oo 

.oo 

.oo  

.00 

.oo 

.oo 

.oo 

.oo  

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

. 00 

.oo  
1.10 

1.53 
1.85 
2.10 

2.32 
L 

180" 170" 160" 150' 140" 130" 120" 110" 100" 90" 
360 350 340 330 320 310 300 290 280 270 

T a b u l a r  v a l u e  is negative with top argument, positive with bottom 
argument. 
Table directly applicable to HW; change argument P b y  k 90" for I,W. 



T a b l e  16. -Height  f a c t o r s  f o r  d i u r n a l  t i d e s .  73 

0.00 

. O l  

. 02  

. 0 3  

.04 

.05  . Oh 

.07 

.08 

.09  

.10  

. l l  

. 1 2  

. 1 3  

.14 

.15 

.16 

. 17 

.18  

.19 

.20 

.21  

.22 

.23  

.24  

.25 

.26 

.27 

.28 

.29 

.30 . 40 

0": 10": 20': 30': 40": 50': 60": 70": 80": 90" 
180 : 190' : 2 0 0 1  210 : 220 : 230 : 240 : 250 : 260 : 270 

1.000 

1.010 
1.020 
1.030 

1.040 
1.050 
1.060 

1.070 
1.080 
1.090 

1.100 

1.110 
1.120 
1.130 

1.140 
1.150 
1.160 

1. 170 
1.180 
I .  190 

1.200 

1.210 
1.220 
1.230 

1.240 
1.250 
1.260 

1.270 
1.280 
1.290 

1.300 
1.400 

1.000 

1.009 
1.019 
1.028 

1.038 
1.048 
1.057 

1.067 
1.076 
1.086 

1.096 

1. 105 
1.115 
1.125 

1.134 
1. 144 
1.154 

1.164 
1.174 
1.184 

1.193 

1.203 
1.213 
1.223 

1.232 
1.242 
1.252 

1.262 
1.272 
1.282 

1.292 
1.391 

1.000 1.000 1.000 1.000 

1.008 1.005 1.002 0.99e 
1.016 1.011 1.004 .997 
1.024 1.016 1.007 .996 

1.032 1.022 1.010 ,996  
1.040 1.028 1.013 .996 
1.048 1.035 1.017 ,997  

1.057 1.041 1.021 ,998  
1.065 1.048 1.025 ,999  
1.074 1.055 1.030 1.000 

1.083 1.062 1.035 1.002 

1.092 1.069 1.040 1.005 
1.101 1.077 1.045 1.008 
1.109 1.084 1.051 1.011 

1.118 1.092 1.057 1.014 
1.127 1.100 1.063 1.017 
1.136 1.108 1.069 1.021 

1.146 1.116 1.075 1.025 
1.155 1.124 1.082 1.030 
1.164 1.132 1.088 1.035 

1.173 1.140 1.095 1.040 

1.182 1.148 1.102 1.045 
1.192 1.157 1.109 1.050 
1.201 1.165 1.117 1.056 

1.210 1.174 1.124 1.062 
1.220 1.182 1.131 1.068 
1.229 1.191 1.139 1.074 

1.239 1.200 1.146 1.080 
1.248 1.209 1.154 1.086 
1.258 1.217 1.162 1.093 

1.267 1.226 1.170 1.100 
1.363 1.316 1.253 1.172 

1.000 

0.995 
.Y91 
.986 

.983  
,979  
.976 

, 9 7 3  
.97 1 
.969 

.968 

,967 
.966 
,966  

,966  
.967 
,968  

969 
, 9 7 1  
.973 

,976  

,979  
, 9 8 2  
,985  

,989  
, 9 9 3  
,997  

1 , 0 0 1  
1.006 
1.0 11 

1.016 
1.077 

1.000 1.000 1.000 

0.992 0.991 0.990 
.985 , 9 8 1  .980 
, 9 7 8  .972 .970 

.971  .963 .960 

.964 ,954  .950 

.958 ,945  .940, 

.951  .936 .930 

.945 .927 .920 

.94G .918 .910 

.935 .910 .900 

.930 . 9 0 1  .890 

.926 .893  .880 

.922 ,885 .87Q 

.918 .878 ,860 
,915  .870 ,850 
.912 , 8 6 3  .840 

,910  ,857 .830 
.908 , 8 5 1  .820 
.907 . e 4 5  .810 

.907 .840 ,800 

.906 , 8 3 5  .790 

.906 , 8 3 1  .780 

.907 .828 .770 

.908 , 8 2 5  .760 

.910 .823 , .750 
, 9 1 1  .821  , 7 4 1  

, 9 1 3  .820 , 7 3 3  
.916 .819 .726 
,919  ,819  , 7 2 1  

.922 .820 ,717 
,967 .845 .712 

1.500 1.490 1.460 1.410 1.340 1.253 1.149 1.030 .896 .750  
180": 170": 160": 150': 140": 130': 120": 110': 100": 90" 
360 : 350 : 340 : 330 : 320 : 310 : 300 : 290 : 280 : 270 
T a b l e  d i r e c t l y  a p p l i c a b l e  toHW. Change argument P by k 90' f o r  LW. 
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x 
0.00 

.01  

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

.10 

. l l  

. 1 2  

. 1 3  

.14 

.15  

.16 

.17 . 18 

.19 

. 2 0  

. 2 1  

. 2 2  

. 2 3  

.24 

T a b l e  17. -Mean h e i g h t  f a c t o r s  f o r  d i u r n a l  t i d e s .  

0.66 

.67 

.67 

.68 

.69  

.70 

. 7 1  

.72 

.73 

.74 

.74 

.75 

.76 

. 7 7  

.78 

.79 

.80 

. 8 1  

.82 

.83 

.84 

.85 

.86 

. 8 7  

.88 

0.66 

.67 

.67 

.68 

.69 

.70 

. 7 1  

. 7 2  

. 7 3  

. 7 3  

.74 

. 7 5  

.76 

.77 

.78 

.79 

.80 

.81  

. 8 2  

. 8 3  

.84 

.85 

.86 

. 8 7  

.88 

0.66 

.67 

.67 
.68 

.69 

.70 

.70 

. 7 1  

. 7 2  
. 7 3  

. 7 3  

.74 

.75  

.76 

. 7 7  

. 7 8  

.78  

.79 

.80 

. 8 1  

.82 

.83 

.84 

.85 

.86 

0.66 

.67 

.67 

.68 

.69 

.69 

.70 

.70  

. 7 1  

.72 

.72  

. 7 3  

.74 

. 7 5  

. 7 5  

.76 

.77 

.78 

. 7 8  

.79 

.80 

. 8 1  

.82 

.83 

.84 

0.66 

.67 

.67 

.68 

.68  

.69 

.69 

.70  ,. 70 

.71  

. 7 1  

.72 

.73 

.73 

.74 

.75 

.75 

.76 

.76 

.77 

.78  

.79 

.79 

.80 

.81 

0.66 

.67 

.67 

.67 

- 6 8  
.68 
.69 

.69 

.70  

.70 

.70  

- 7 1  
. 7 1  
.72 

.72 

. 7 3  

.73 

.74 

.74 

.75 

76 

.76 

.77 

. 77  

. 7 8  

0. h6 

.67 

.67 

.67 

.67 

.68 

.68 

.68 

.69 

.69 

.69 

.70 

.70 

.70 

. 7 1  

. 7 1  

.72 

.72 

.72  

.73 

. 7 3  

.74 

.74 

.75 

. 7 5  

0.66  

.66 

.67 

.67 

.67 

.67 

.67  

.68 

.68 

.68 

.68  

.69 

.69 

.69 

.69 

.70 

.70 

.70 

.70 

. 7 1  

. 7 1  

. 7 1  

. 7 1  

. 7 2  

.72 

0.66 

.66 

.66 

.67 

.67 

.67 

.67 

.67 

.67 

.G7 

.67  

.67 

.68 

.68 

.68 

.68 

.68 

.68 

.68 

.68 

.69 

.69 

.69 

.h9 

.69 

0.66 

.66 

.66 

.66 

.66 

.66  

.66 

.66  

.66 

.66 

.66 

.66 

.66 

.66 

.66 

.66 

.66 

.66 

.66 

.66  

.66 

.66 

.66 

.66 

.66 - .89  .89 .87 85 , 8 1  ,I8 , 7 5  .72 .69 .66 
180' 170' 160' 150' 140' 130' 120' 110' 100' 90" 
360 350 3 40 330 320 310 300 290 280 2 7 0  
Take R' = M,/(K,SO,); P = NlKO f o r  HW f a c t o r ;  P = h!K@9Oo f o r  LW 
f a c t o r .  

T a b u l a r  v a l u e  t o  be m u l t i p l i e d  by (K,W>,) 

Above t a b l e  i n c l u d e s  e m p i r i c a l  c o r r e c t i o n s  f o r  d i s t u r b i n g  e f f e c t s  o f  
o t h e r  c o n s  t i t u e n  t s. 
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