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FOREWORD

In the present work and starting from numerical or graphical tidal 
records, a new method for the analysis of tidal waves is developed.

Owing to the modern technology facilities, continuous and authomatic 
tidal records are available all the time.

The filtering method proposed permits eliminate tidal components one 
by one, in an absolute form; thereof the name of "absolute filtering".

From the complete theory developed and the numerical example of its 
application given in this work, three important facts can be drawn out:

a) Short-period tidal records can be used; b)the tidal record can have 
discontinuities, and c) a linear drift is authomaticalIy eliminated throughout 
computations.

To apply the method we have worked on a theoretical tidal wave special 
ly computed for La Plata latitude, at the place where our Astronomical Ob­
servatory is located.

It might be argued that the numerical computation has been made on a 
noiseless tidal wave;but this is justly necessary if we want to prove the 
method and bring out its possibilities.

The number of tidal components which is possible to separate from the ti­
dal record, can be as many as the analyst wants to. The limit is given by 
the lenght of the tidal record; while the number ( n ) of tidal components 
to separate increases arithmetically, the number of the positions to read on 
the record increases geometrically as 2n.

In the BLOCK DIAGRAM we assume to have four tidal constituents, 
P1 , P? ' P3 αη^ P4 ' w^ose periods T] , T2 , Tj and T4 are known 

in advance.
For the sake of our explanation, we have represented every wave by means 

of an ellipse. The size of the ellipse has nothing to do neither with the semi - 
amplitude nor with the period of the wave. It is just a sketch to show a
process. Every pair of like ellipses is separated by a full period T. The written 
positions from [1] to [θ_ are those where the reading of ordinates have 
been performed on the tidal record.

For the wave p] there are eight ellipses; for the wave p2 there are 
four ellipses, every one involving two positions of p . For the wave p^ 
there are two ellipses, involving eqch one two ellipses of p2 and in turn 
four positions of p] . For the wave p^ we have only one ellipse and its filter­
ing is not possible, so that p^ is an independent tidal component which can 
be solved.

Observe the BLOCK DIAGRAM and pay attention to the right side of it. 
If we subtract the positions ([2] - [1]) , ( [,4 ] - £ 3 J ) , ([ój - ^J) , 
and ([8j¿7j ) , the wave p is filtered because every pair of the 
positions above are separated by a full period T| . If we subtracted either
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V

(EO-DJ) - OJ-Ld) = Ι> ] - o J - E2J +L i J, or 
(Εθΐ-[?]) - C6]■[ il·= E8J-C^J-L6] + L5Jn°w *β wave p2 

is filtered because the separations are exactly T; . Next, if we subtract- 
^jM-tzJ-MT 5]) - ω-Γω-[Φυΐ) = 
L8j-L7]-L«J + [5]-[4]+[3p-[2]-[^ the wave p^ is now 
filtered, because the position of the former two b ock positions is exactly

The wave p^ remains alone, and can be solved by using the positions 
in the fol lowing manner:

(a)
The solution of p^ is one and only one, whatever the order of filter­

ing we have chosen.
In fact: suppose that we want to perform the filtering of the three 

former tidal waves, but this time in the order p^ , p^ , p1 · Now pay 
attention to the left side of the BLOCK DIAGRAM. It is easy to see that 
if we subtract, the following pair of positions, ([δ_ "[^J , (E 7_ -[s]) 
([6?[2]) and (L^J-L G )z the wave Po is fully filtered because 
each pair of positions, as shown above, is separated by a full period T3 
Next, if we subtract either the positions ([θ]"[£) - (ó 1- _2] ) = 
M-W-OM^k tHi) - M-C'l· ¿/ksHsHf] 

we have two blocks separated, in both cases, by a full period T¿.
This means that if we subtracted both blocks of positions, the wave p 

is fully filtered. Then

which can be ordered as follows:

( b)

This ordainment to solve the wave p^ is exactly the same as the former 
one (a). Of course the wave p1 has been absolutely filtered, because each 
pair of positions shown in ( b ), say ( 8-7 ), - ( 6-5 ), - (4-3 ) and ( 2-1 ) 
is separated precisely by T] . By the text the reader can learn the easy 
way of using all the posibilities.

In the treatment of the problem, we have shown that the same ordain­
ment is repeated once and again. The BLOCK DIAGRAM looks like a 
VENN diagram within the Groups' Theory, and at some extent it is an 
application of it.

To perform the computations to obtain the quick results here presented, 
we have used a small programming desk computer Hewlet-Packard 9820, with 
mathematical and trigonometric functions and a memory storage capacity up 
to 450 entrances.
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1.

A) _BASIS_

1. Let p. generically be one of the many tidal components of the 
tidal wave Qy* , whose elongations P¡ in function of the time starting 
at 0 , ( an arbitrary origin ), can be expressed as: (Fig. 1)

wherein

Rj = Semiamplitude of p·

2 ΤΓ
LU¡ = —*— = Pulsation of β·

Tj = Period of the pulsation

t = Time reckoned from the origin 0.

Op! = Initial phase angle at 0.

FIG. 1



and respectively calling

equation (2) becomes

(4)

2.

This equation has two unknowns, R¡ and (p¡ , so that two indepen­
dent equations of the same type must be available to evaluate them.

Equation (1) can be expanded as follows:

(2)

The 3j and b¡ values are always known, because UJ· is known for 
each particular tidal component.

Two independent equations as that of Eq. (4), furnish the solution of a tidal 
component. A¡ and B¡ are finally solvedzand from there it follows *

If the origin 0 is settled in the record on a place distant an interval of 
time 3 from the origin of the first reading on the record, then Eq. (1) beco­
mes

(1*)

and, in all the cases, the initial phase angle ψ is at 0 , the position that 
corresponds at the instant when t-Z = O.

2. Starting at 0 , the addition of the elongations Pj within a full period
T¡ , fulfil the condition

(5)

(6)

(7)



3.

Same condition comes true starting from some other arbitrary origin, as 
O' , distant from 0 by an interval of time to * Therefore

(7a)

Both equations, (7) and (7A), introduce, as a disgression, several conse­
quences.

It can be written

and adding to each member the value it is attained

whence

8)

Furthermore, taking into account Eq. (7), the condition expressed by Eq. (8)
is also maintained if it is written in the following form:

(8a)

for every n = 1 , 2 , 3 , 4 ........  , etc.
Equation (7), can also be expressed in this way:



which means

Let us add an space of time m at the end of the upper limits of the 
sums in each member. Therv on keeping the equality, it follows that

If it is now named

then

whence

(8 b)

Taking into account Eq. (7), the latter can also be*written as follows:

(8c)

for every odd n = 1 ,3 , 5 , 7 ....... , etc.
Equations (8), (8A), (8B), (8C), afford the conditions to delineate two entirely 

different systems of absolute wave’s filtering, and they are the basis of the sche - 
mes that will be explained in Chapters C and D, although, for the reasons gi­

ven in Seq.3l , it will be used the scheme given in Chapter C, and next a reite­
ration of itself.

As it is shown in Fig. 1, the origin 0 can be chosen at any phase ψ of the 
wave Pj , and in all the cases the written conditions are maintained. 1

4.



3. In general, every wave P1 is one of the many tidal components 
of the tidal wave Qy , which is actually obtained by means of an au - 
tomatic instrumental record; but what is really unknown is the actual v-v 
axis, ( Fig. 1), and the more it can be done to draw out deductions is to 
use qu ordinates, starting from another arbitrary u-u axis.

Let us call z the distance between both axes; from here on z will 
be considered as a constant, although not necessarily. ( See Chapter I ) .

In Fig. 1 it is shown that

But, Qv” I| + ^ + ^ +... - / , P¡ , Therefore, if equally spaced 
Qu ordinates are added during an interval of time t0 , it is found that

it foilows that

(11)

It is understood without any other reason that the value Zf0 depends only 
of the interval of time to , whatever the origin be. So, from some other 
origin starting at time To , it follows

(12)

4. As it is shown in Fig. 2, let p¡ be, once again, one tidal compo­
nent of the tidal wave Qy .

(9)

and by calling

(10)



6.

If by starting from the origin 0 z it is performed the addition of 
equally spaced h¡ ordinates within the interval of time to / a value 

will be obtained, so that

(13)

Performing exactly the same, but now starting at origin Oj , which is se­
parated from 0 by one or several full periods T¡ , circunstances are 
again repeated and evidently

(14)

Since it is always



7.

then by expanding the Eq, (13) and (14), it follows that

(15)

and by virtue of Eq. (12),

(16)

which merely amounts to a verification of Eq. (8)

5. In practice it is impossible to read directly the hi ordinates, since 
on the record it is only known the tidal wave Qj , which at the same ti­
me is the resultant of all the P¡ components.

Then, the most it can be done is to read qu = Qv +Z ordinates in
accordance with what was said in Sec. 2, recalling that qv is the resultant
addition of all the elongations P(.

As Fig, 2 shows, during the two spaces of time t0 , starting respective­
ly at origins 0 and 01 , equations type (11) can be written.

Then

(18)

To filter the tidal components p. one after another, it will be necessa­
ry to state many equations. On each one, precision increases when the number 
of equally spaced ordinates within the interval of time t0 is also increased, 
that is to say, when the space of time between successive ordinates becomes 
smaller and smaller.

In Fig. 3, the several terms of the former equations are identified.

(17)



8.

B) ABSOLUTE FILTERING OF TIDAL COMPONENTS

6. Let Plz p^ z Pybe the several tidal components of the tidal wave 
Qy , whose particular periods respectively are Tp T2 / T3... . It will be 

shown that it is always possible to filter, absolutely, one wave after another 
up to a limit in which the final equation has only the elements of just one 
wave, which then can be easily solved.

Attention is again called to the fact that in every case only one equation 
with two unknowns is attained. ( See Sec. 1 and 19 ).

From now on, the condition expressed by Eq. (8) will be used. If T¡ = T] 
equations (18) and (19) become

FIG. 3

(20)



9.

(21)

By subtracting the two latter equations, and taking into account what was 
already shown in Sec. 4, Eq. (16), it follows that

which shows that the wave component p^ , whose period is Τη , has 
been absolutely filtered. Moreover, the term Z(o has been removed in such 
a way that Eq. (22) is now automatically referred to its real own v-v axis.

It is here said that the wave component p^ has been absolutely filte­
red because the origins of both terms in the first member of Eq. (22) are 
exactly separated by one full period Τη .

This simple system permits to enter upon a general scheme of filtering to 
eliminate, one by one, as many tidal components as it would be necessary, 
stopping the process when only one tidal component remains.

7. It must be also pointed out that the filtering scheme is always valid 
whether instead of one full period Tj , several of them are taken. This is 
true for any particular tidal component, and merely corresponds to the condi­
tion expressed by Eq. (8A).

C) GENERAL SCHEME OF FILTERING

8. Suposse that p^ z P? , P3 z P4 / P5 'Ρβ , are s’x ^a' components of the 
total tidal wave Qy , ( Fig. 4), whose respective periods Tj z T¿ z T3 z T4 
L·, Tg , have been represented, just for clearness, by different straight lines, 
having each of them a lenght which can be assumed proportional to its own 
period. Within the general theory, these periods are, of course, arbitrary ones, 
and the further problem is to solve every wave component by knowing the ac - 
tual semiamplitude R¡ and the initial phase angle ψ. at the arbitrary ori­
gin 0 , which in turn it is also the origin of the time, either t ,(Eq.l) 
or fxLt-ZL (Eq.lA).

9. Throughout the adding process of ordinates it will be always taken the sa­
me interval to . Thus, it should be observed that into the scheme of filtering 
shown in Fig. 4, all the positions, from Li] to [32] show an equal interval

(22)



10.

of tíme, t0
Within the several t0 intervals, in all the cases, the same number of 

repeated separation of ordinates ought to be considered.

10. At the position [i], o value Q^ is obtained, which corresponds 
to the sum of chosen ordinates between the arbitrary u-u axis and the ti­
dal wave QT within the interval of time to . In position [2] , at the 
end of a full period T^ , a value Q2 is attained.

As it has been explained in Sec. 6, the difference Q2- Qj filters the ti­
dal component P^ and also removes Z|Q , remaining the equation referred 
to the real v-v axis.

11. If a system identical tof 1] , [?] , is repeated as a whole at any 
position of the tidal wave record, then it filters, by subtraction, the compo­
nent wave P1.

12. Let us consider a system 3,4, whose relative positions are i- 
dentical with those of the system Ml ,Γ2] / that is now placed at the end 
of a full period T2 of the tidal component p2 . By subtraction, this new 
system filters the tidal component P^ , (Sec. 11), but as both systems are 
located at the beginning and end of a full period T2 , if they are sub - 
tracted, a filtering of the tidal component p^ also occurs. Now, two wa - 
ves, Pj and p^ , have been filtered.

13. Another system [δ] , [β] , [/] / [β] / placed at the end of a full 
period T3 , whose relative positions are identical with those of the system 
[1], [2], [3], [4], by using the same method as before, also filters the 

waves P^ and p? . Since both systems are located at the beginning and 
end of a full period T3 , the wave p^ will also be absolutely filtered if 
both systems are subtracted. This means that now there are three tidal consti - 
tuents filtered, say pi , P2 ' P3 ·

14. By an argument entirely similar, a system £ 9 J ζΓ^θΤ.Ε^1?0θ1 z 
placed at the end of a full period T4 , whose relative positions are identical 
with those of the system [1] , [2]...............[7] , [8], by appying the same
method, also filters the wave Pj , p? , Pj .

But both systems are placed at the beginning and end of a full period 14 
so that, if they are subtracted, it results that the tidal component p, is al -
so filtered. Then, four tidal constituents ( p , p^ , p^ , p^ ) have been 
eliminated.
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15. Let us finally consider a system ^7], 18]....... L^TE^l which 
is placed at the end of a full period T5 , whose relative positions are 
identical with those of the system [1],[2]............[15]Z[16] . Following
the same arguments and methods given before,^Both systems absolutely filter
the tidal waves components Pi / P? ✓ P3 / P4 .As both systems are 
located at the beginning and end of a full period T5 , if they are subtrac 
ted, the p tidal component is also filtered, and now five waves constit- 
uents (ρι , p^ z P3 z P4 ✓ P$ ) have been filtered.

16. Since the scheme on Fig. 4 shows only six tidal components, it fol­
lows that, in the final equation, only one tidal component, Pg , will 
remain, that can be now solved as a tidal component fully independent from 
all the others. We will call p^ this final component.

17. Following the same method, and by quite similar arguments, it is 
possible to filter as many tidal components as necessary, no matter how many 
of them. However, it must be pointed out that the number of Q to be 
read from the tidal record, increases geometrically with the number of tidal 
components to be filtered.

18. Once the wave p^ = ( Pg)is known, the other waves should be solved 
one by one, by going back to the equations set. NevertMess, a better meth­
od will be explained in next Chapter.

D) MATHEMATICAL DEVELOPMENT OF THE SCHEME OF FILTERING.

19. The values Q =^ % to be read within the interval of time to 
are shown in Fig. 3; and the scheme of filtering follows the order shown in 
Fig. 4, which has been explained in Chapter C.

For brevity of notation, the periods Tj (or Π T¡ ) will be in­
dicated only by its numbers. For example

means



wherein the letter T and the sign (+) have been removed.
The initial phase angles ψ, of the several tidal components are gi­

ven at an arbitrary origin 0 1 , ( which can be located either inside or
outside of thé tidal record ^, whose position corresponds to the moment 
when in equation (1) or (1A), it be either t = Oort^^t-^) =0 , as it 
is evident.

In position [ 1 ] , ( Fig. 4 ), first equation is

13 .

(24) =(20)

In position [2], at the end of a full period L f ít ¡s

(25) =(21)

As it has been explained in Chapter B, and Sec. 4, Eq. (16), it is

Then, by subtracting Eq. (24) from Eq. (25), it follows

(26) = (22)

and considerations in Sec. 6 are also valid here.
The positions ^3] , [4] , are placed as a whole at the end of a 

full period T2 , and being identical with those of the system [1] , 
[2] z their equations can immediately be written. Hence

(27)

(28)



14.

Being

by subtracting Eq. (27) from Eq. (28), it results

Systems expressed by Eqs. (26) and (29), are respectively at the beginning 
and end of a full period T2 / so that, after what was said in Sec. 12, 
if Eq. (26) is subtracted from Eq. (29), the tidal component P? is also 

absolutely filtered. Then

(29)

(30)

which shows that the tidal components P^ and p^ have been fully fil­
tered.

It should be observed in Fig.4, that the system 5 ζ[β / C 7 /[θ], 
that is located, as a whole, at the end of a full period T3 / is identical 
with the system L1'L^],^3 J,^4^ .

Then, by using the same method as before, it also filters the waves P1 
and P2 , so that it can be written

Equations (30) and (31) correspond to two identical systems, each one 
respectively placed as a whole at the beginning and end of a full period T3. 

As it was shown in Sec. 13, if the first equation is subtracted from the other, 
the wave po is now also filtered, and so it is found that

(32)

(31)



15.

In a quite similar manner, it should be also observed in Fig. 4, that the 
system L9]/OT.......... L^J/L^J/ that is located, as a whole, at the 
end of a full period T4 , is identical with the system [1JZ[2J........[7]?
[8] , also considered as a whole. Then, with the same method as used

above, it will also filter the waves Pl / P? , P3 ·
On replacing the sum limits within the new region of summation, a si­

milar equation as that shown by Eq. (32), can be written, thus becoming:

The two latter equations are the expressions of two identical systems, both 
of them filtering the tidal components P^ z p? and p^ But, since each 
system is respectively located at the beginning and end of a full period T4 
by means of a simple subtraction the wave component p^ is also filtered. 
Hence

In Sec. 15 it had been said that a system [l7j,El8]......... Ε31]/[32]Ζ
that is localted, as a whole, at the end of a full period T5 , and it is

(34)



16.

also a repetion of the system [l]/[2]...................[^J/ÜÍ / will also fil­
ters the waves Pp P? / P3 and p^ . Therefore, the corresponding equa­
tion within the new region of summation will be similar to the latter, and 
so it results:

Once more and finally, Eqs. (34) and (35) refer to two identical sys­
tems, each one filtering the tidal components ^ z Pp , P3 and p^ . It 
has already been observed that both systems are respectively located, as a 
whole, at the beginning and end of a full period T5 · According to Sec. 
15, by subtracting Eq.(34) from Eq. (35), the fifth component wave p^ 
is also filtered and so it is finally obtained an equation with only one wave 
Ρ^ = P6 as unknown, wholly expressed in terms of all the addition of 
ordinates, Q , and of sums depending on its own pulsation.

(35)



17.

The final result is:

(36)



18.

4

This equation brings out one solution of

after it was cleared up in Sec. 1. Since there are two unknowns, ( Af and 
Bf ), still remains the problem of evaluating them. Another independent 

equation is needed to solve up the wave p^.

20. In the Eq. (36), it has been written within each sum the position 
that it occupies on the scheme of Fig. 4, and in each case, the sum limits 
are as shown. Henceforth, the notation is much simplified by indicating the 

sums only by their positions.

21. The solution of the tidal component p = p , depending of the ad - 
dition of ordinates Q1 , Q¿ ............... Q31 z Q32 / and of the sums shown in
Eq. (36), is one and only one. It is not only absolutely independent of all the 
previously filtered waves, but it is also independent with the order chosen to 
filter them. This means that the order of filtering of the tidal components P1 , 
P? / P3 ' Pa ' P5 z cqn ^e permutated in Fig. 4, while the final result, brought 
out to the tidal component p^ by Eq. (36), remains the same in all the 
cases. This can be easily shown in mathematics and, moreover, it cannot be 
otherwise.

This circumstance furnishes the solution of every component wave with 
the same weight, and always as a function of the same values Q , (Q^z
Q?...............Q31 z Q32) , which in every case must be taken in an appro-
piated order and sign. Chapter E expresses the equations of every tidal com - 
ponent, each one in all the cases depending of the wave P| ξ ρθ .

22. There exist some other ways to solve every wave; but the equations 
depend on more than one tidal component that must be previously resolved.

Next chapter shows the equations of all the waves, the method used 
being as the one explained above.



19.

E) EQUATIONS OF THE TIDAL COMPONENTS.

23. WAVE pf

Its solution is that of Eq. (38), which, with the simplified notation al­
ready mentioned in Sec. 20, can now be written:

(37)



20.

24. WAVE p P5 = R5 cos (ω5Ι+φ5) = a5 A5 - b5 B5

Since the wave p^ is previously known, by means of every one of 
the Eqs. (34) and (35) the wave p^ , (another tidal component), can be 
resolved.

All of the sums which appear in the left member of both equations, 
(34) and (35), are of course exactly the same, in reason that if both equa­
tions are subtracted the wave p^ is filtered. Being that so, by adding 
both equations the wave p^ is solved as a function of all the Q and 
of the wave p^.
After ordering it is found that

(38)
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25. WAVE p.

If within the scheme of Fig. 4 it is permutated the order of the tidal 
components p^ and p5 , it now means that the wave p4 actually 
occupies the position that the wave p^ had before. In accordance with 
the reference already set up in Sec. 21, it immediately follows:

(39)
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26. WAVE p.

By an argument entirely similar as the former one, if the tidal component
P3 is placed at the position that the tidal component p had before in 

the scheme of Fig. 4, it is seen that $

(40)



27. WAVE P;

By reasoning in the same way, if within the scheme of Fig. 4 the tidal 
component P2 is now occupying the position that the wave p^ had be­
fore, it is easily seen that its equation becomes

(41)
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28. WAVE p1

Repeating once again the same process, that is to say, if the tidal com­
ponent p^ is located at the place that the wave p$ had before,always 
within the scheme of Fig.4, the equation of the wave p evidently beco­
mes

(«)
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29. From now on it is very convenient to make clear that all the equa­
tions written for the several tidal components are in all the cases referred to 
the real own v-v axis, since all of them, besides that the value Ζ|θ has 
been removed, are also absolutely independent of the instrumental drift, 
whatever its value be just in case this can be considered as linear. This 
condition is discussed in extent in Sec. 47.

F) REITERATION OF THE GENERAL SCHEME OF FILTERING.

30. As it has been said at the end of Sec. 19, the scheme of filtering 
of the several tidal components brings out, in every case, one expression 
which involves two unknowns, A¡ and 0¡ .

Another independent equation must be furnished to evaluate them.

31. In order to obtain another fully independent set of equations, it 
could be used the condition settled by Eqs. (8A) or (8B). Though this is pos­
sible, it is easily demonstrated in mathematics, that the new set of equations 
is not independent of the instrumental drift, even this being a linear one. 
Unless it could be asserted that the instrumental drift is null all the time, 
this new system of filtering must be put aside.

32. Therefore, the best it can be done to attain another set of equations, 
is to repeat the same system of filtering as the one previously explained, 
starting this time on the tidal record from some other beginning but keeping 
the same origin of the time as before, in order to maintain invariables, in 
both systems of filtering, the initial phase angles, ψ. .

33. Let P^ , P? ✓ P3 / P4 ✓ P5 ✓ Pf / (Fig. 5) be the same six ti­
dal components as in Fig. 4, having the same origin and represented in the sa­
me way that was already said in Sec. 8.

The scheme of filtering is exactly a repetition of the one explained in 
Chapter C, mathematically developed in Chapter D and having the explicit 
equations written in Chapter E.

On comparing both schemes, (Figs. 4 and 5), it is found that they have 
only changed their relative positions, being separated, as a whole, by an in­
terval of time To , that for best results must be wisely chosen. (See example 
at the end).

Within the reiterated scheme, the new summations Q will be identified as 
Q’ , and in turn, all the sums on the left member of the equations, which 

are the same as those of Eq. (36), but advanced now in To , will be denoted 
in their own order as follows:
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(43)

To identify which of both schemes is used, in the scheme reiterated the 
elongations will be denoted by

in accordance with Eq. (l)z or

which is in accordance with Eq. (1A). (See also Sec. 19)



28.
FI

G
. 5



29.

G) EQUATIONS OF THE TIDAL COMPONENT WAVES IN THE REITERATION 
OF THE GENERAL SCHEME OF FILTERING.

The expressions for every component wave are identical with those in the 
Chapter E, and they are written below without any further commentary.

34. WAVE p f

(44)
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35. WAVE ρς

(45)
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36. WAVE p¿

(46)



32.

37. WAVE p.

(47)
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38. WAVE p.

(48)



34.

39. WAVE p,

(49)
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H) EXPLICIT SOLUTIONS OF THE TIDAL COMPONENT WAVES,

40. Equations (37) and (44), fully solve the wave p^ = (p )
11 (38) " (45), 11 " " " p
" 09) " (46), " " " " p4
" (40) " (47), ............................ p
" (41) " (48), ............................ p"
" (42) " (49), "    p

41. To set an example, Eqs. (37) and (44) can be written in short as 
follows:

where the sums must be taken under 
tailed Eqs. (37) and (44). Expanding 
explicit form given by Eq. (4), it is

the real signs they have into the de- 
both of them by introducing the more 
found that

All the terms and coefficients written in these equations are known, ex­
cept Af and 8f which now can be solved and from them to bring out 
the values of (0, and R^ by means of Eqs. (5) and (6).

42. Once Af and Bf have been determined, in a quite similar 
way are solved the other components waves by using the pairs of equations 
mentioned in Sec. 40.

(37a)

(44a)

(37b)

(44q)
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43. If in order to anolyse the SAME tidal components from time to time 
the SAME filtering schemes are used, say as those schemes shown in Figs. 4 
and 5, and moreover, if the summation's interval of time to is ALWAYS 
kept the SAME, then the values of the sums ΓΓ^Τ ^ bH , ΣΕθίίΙζΣ[1)·] 
in their several positions given in Eqs. (36) and (43), wiII ALWAYS’remain 
the SAME; then, they might be computed once and for ever.

Therefore, on a new tidal record will be necessary to compute only the 
sum of ordinates, Q and Q* , which are achived very fast, if the 
zone to be measured is framed by a template whose free gap be as wide as 
exactly to and within it are marked the position of the ordinates to add.

It has been observed that in all the cases there must be solved only two 
simple linear equations, with two unknows each one. This is very easily per­

formed with a small desk computer, thus avoiding the study of complicated 
programs and the preparation of punched cards to feed the modern electronic
computers.

Moreover, the computation control is better made while reckoning is 
progressing.

I) INSTRUMENTAL DRIFT.

44. Throughout the theory developed to filter one by one the various tidal 
components of the tidal wave, it has been considered as reference an arbi - 
trary u-u axis parallel to the true v-v axis, (Figs. 1,2,3) , thus meaning 
in turn that z is constant.

However, the equipments are, by their own making characteristics and 
stability of the materials used in, sensitive to aging, in such a way that a 
drift of the zero instrumental occurs.

An study of the variation of the drift through .the time brings out a close 
idea about the excellence and reliability of the equipment itself.

Drift can be linear, parabolic, erratic and sometimes periodic. In a general 
sense, a good instrument has a linear drift whose value must be very small with 
almost no variations. Erratic or periodic drift are very difficult to eliminate 
within the equations set and they characterize unreliable instruments.

Henceforth, linear drift will be discussed; it will be demonstrated that within 
the absolute general filtering scheme in this work a linear drift is also absolu­
tely filtered, and the results are free of linear drift, whatever it be.
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45. Suppose that QT be the recorded tidal wave, ( Fig. 6 ), and 
u-u the arbitrary axis of reference from which values Q^ and Qg are 
obtained within the interval of time to , in accordance with the theory 
formerly developed. Let also that T(¡) be the space of time between their 
origins.

FIG. 6

If the instrument has a linear drift, then the true reference axis should 
be, say, v'-v' , instead of the v-v axis. Then, the sum of ordinates Q^ 
and Qg had to be computed from a new u'-u' axis, parallel to the 
v'-v' axis. But as the u'-u1 axis is fully unknown, the sums Qa and Qb 
have errors respectively given by the ordinates within the trapezoidal sur­
faces A1 A? B1 B?and CiC^DiO?

Individually, each error is different and the difference between both of 
them is the sum of ordinates within the quadrangular surface Q? C3 D¿ 03 , 
which from here on shall be denoted by AQ.
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46. If an identical scheme as that shown in Fig. 6 is repeated at any 
place of the record, other values Q^ and Qg should be attained; but 
the difference of errors, by using the arbitrary u-u axis instead of the 
true u’-u' axis, will still remain the same as Δ Q.

47. AUTOMATIC ELIMINATION OF A LINEAR INSTRUMENTAL DRIFT, 
WITHIN THE GENERAL SCHEME OF FILTERING.

Let us consider the Eqs. (37) and (44) which yield to the solution of the 
tidal component p^ . From here on, what is to be said for the component 
wave ρ^ is also valid for every other tidal component.

It should be observed that in the equations mentioned above, there exist
16 pairs of identical positions located at different places of the tidal record. 
(Figs. 4 and 5). They respectively are:

According to the expressions (37) and (44) , these 16 pairs of positions 
enter in the equations with the following signs:
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In all the cases each pair supplies, by subtraction, a difference of errors 
which amounts Δ Q . Since there are 8 positive and 8 negative pairs, 
the final addition cancels each other all the Δ Q , and the equations re­
main referred to the real own v-v axis.

This is also true, if instead of six tidal constituents a different number of 
them is considered.
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J) TIDAL COMPONENTS.

48. It is easily understood that the schemes of absolute filtering al­
ready explained, can be expanded to any number of independent tidal com­
ponents, no matter how many of them. (Sec.6).

However, in a general way, only eight waves, known as principal ti­
dal constituents, are analysed from the tidal record. Particularly, four semi­
diurnal and four diurnal tidal components are chosen. They are

TABLE 1

CL
A

SS

Symbol
St w

Mean semi- 
amplitude

PERIOD 
(Mean time)

NAME

SE
M

I­
D

IU
R

N
AL

1

K2 0.1152 11.96724 hs LUN 1-SO LAR

S2 0.4227 12.00000 " PRINCIPAL SOLAR

m2 0,9085 12.42060 " PRINCIPAL LUNAR

N2 0.1759 12.65835 " LUNAR ELLIPTICITY

D
IU

R
N

AL

Ki 0.5305

1

23.93447 " LUNI - SOLAR

P1 0.1755 24.06589 " SOLAR DECLINATION

°1 0.3771 25.81935 11 LUNAR DECLINATION

Q1 0.0730 26.86836 " LUNAR DIURNAL

fl) The mean value uxi is related to the actual value Ri 
by means of the node factor, f , being R¡ = f.fti

Since the semi-diurnal tidal components S2 and K^ , and the diurnal 
tidal components K] and P], have almost the same period, to attain a good 
separation of each one in every pair it is necessary to depend on long period 
records, say at least one of a quarter of a year, unless another method be used. 
(See example at the end).

In practice, when a few days record is analysed, each constituent in the
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former pairs of tidal components separates each other so little, that without 
losing generality it is usual to involve each pair of tidal components as if 
it were only one wave acting with the average period of the couple 
considered, say

(K2 + S2 ) = 11.98362 hours

( K, + ^ ) = 24.00018 11

These periods are even used on records lasting one month.
Having joined those tidal components, then the Table I is reduced to 

only six tidal components.
Since the theory has been developed for six component waves, the e- 

quations written are ready to be used by applying the absolute filtering 
scheme.

L) SOME IMPORTANT REMARKS.

49. According to the filtering system, only constituent tidal waves with 
constant amplitude and period, can be eliminated. Nevertheless, on a short 
period record, (one or two weeks long), such a restriction can be overlooked 
within some limits, and still obtain a good separation in tidal waves. (See the 
example at the end of this work).

50. If we have less than six waves on a filtering scheme, the equations 
from (37) to (42) and from (44) to (49) are still usables.

Suppose that in the schemes shown in Figs. 4 and 5, only three waves 
are present, say pi , p? and p^ . This means that the waves p^ , 

p^ and p$ are null, which in turn means that positions from [5 to
[32] and ^rom E^L ^° ^í] are zero. Then, the three solutions For each 

rave, are simply, from Fig. 4:

WAVE pf (50)

WAVE p2 (51)
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WAVE Pi (52)

Another set of similar equations must be written from a reiterated 
scheme, Fig. 5, in order to reach a full solution of each tidal component.

51. Values of Q and Q* can be obtained from the tidal record, in 
every position shown in Figs. 4 and 5, either by reading only one ordinate 
or by the sum of equally spaced ordinates within the interval to·

Hence

where At is the time space chosen within the interval to ; generally 
At is one or half an hour. It is understood without any further comment 

the more ordinates we add, the better the results.
As it depends on the quality of the tidal record, it is not possible to 

give a general rule.

52. In Sec. 21 it had been said that the filtering and final solution of 
a scheme with several tidal waves, was independent of the order they are 
considered.

However, in practice, some precautions must be taken. In fact: suppose 
two waves, p and ρχ , whose periods are respectively Ty and T* 
Assume that ^Ty ξ 2Tx ; then, if on a filtering scheme such as that of 
Fig. 4 or Fig. 5, the wave p is filtered before or after the wave p 
this one is also absolutely filtered, since Ty = 2Tx.

Neither an even number of Τχ periods can be considered. In that 
case, when ρχ is filtered, Py is also automatically filtered.

When this special case is present, a full solution of the waves p 
and p is attained if py is solved as a final wave, say pj , and

ρχ is taken at the moment of filtering with an odd number of periods, 
say 1, 3, 5, ...... etc.
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Moreover, if the waves p* and Py were the only two waves of
a filtering scheme, then the wave Py can be fully solved while ρχ
remains unsolved, A complete solution is reached by introducing a fictitious 
wave Wf whose amplitude should be zero, and its period chosen quite 
apart from px and Py . The waves to filter should now be in this 
order: ^ , Px and py .

The case considered corresponds to the waves K2 and Ki , and 
also practically to the waves (83+K¿) and (P^ + KJ

M) APPLICATION OF ABSOLUTE FILTERING METHOD.

53. We have prepared a tidal record based on theoretical values,compu­
ted hour by hour, covering seven days; from May 1/1970 at 3 H. U. T. to 
May 8/1970 at 3 H.U.T.

The analysis method, starting from the tidal record, will be performed in 
two steps.

I—) Separating the lunar and solar diurnal and semidiurnal waves,

2?) Obtaining the principal tidal components from every of the former 
waves, taking into account that the analysis is performed from a short 
period record, namely seven days.

Irs. Step 2nd. Step

Tidal
Record

Lunar Diurnal 
Wave

Lunar Semi - 
diurnal Wave

Solar Diurnal 
Wave

Solar Semi - 
diurnal Wave

θι * - Q)

M? . N2 . [KJ

s2 ■ W



54. Mean speed per solar hour, ( Ul )/ qnd period ( Tl ) of the Moon,

Being UJ = 15?041069 the mean speed per hour of the sun, it must 

be ( 15?041069 - 0?552351 ) Tl = 360° and from there

TL = 24^8469

Diurnal

WL = 14?48873

it immediately follows that

TL = 12^42345

Semidiurnal

Wl= 2 8?97746

44.
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55. Mean speed per solar hour, \ UJs / and Period \ Ts ) of the Sun.

Since ULI = 1^041069 is the mean hourly speed of the sun, then it 
must be (15?041069 - 0?040088 ) Ts = 360° and from there

Ts = 23^ 9984

Ws= 15?00100

and consequently

Ts =* 11Í9992

Ws = 30?00200

Diurnal

Semidiurnal



56. In Fig, 7, are represented the suitable schemes A and A* (cove­
ring practically seven days) to separate the following three tidal waves:

p1 z solar diurnal, with a period Tj = 23^99840

p? , lunar semidiurnal, with a period T¿ = 12·42345
p , lunar diurnal, with a period T3 = 24·84690

The tidal constituent ρθ (solar semidiurnal) cannot be separated from 
the former schemes, owing to the fact that at the moment that the tidal 
waves p (solar diurnal) be filtered, the p is also automatically filtered 
(See 52).1

If we also want to separate the tidal component p0 , then a fictitious 
wave can be set up in Fig. 7, on top of the wave p0 (See 52). But then, 
we should need eight positions, Qi J/[^2J [^,^β] in every scheme to 
solve the four waves. That means, either to use a record twice as long as the 
former one, (14 days), or to diminish the accuracy of the results if a seven 
days record is solely available.

57. In Fig. 7, it can be seen, that all the positions from [i J to [4*] 
are symmetrical with respect to a center settled on May 4/1970 at 15 H.U.T.
From here on this date will be kept as origin af the time, t , which in turn
means that all the initial phase angles are given there.

58. The highness of the tide, either produced by the moon or the sun, is
expressed by

permanent tide
(53) 

semidiurnal tide

diurnal tide

In our latitude, 0=— 34° 54'. 5 , the permanent tide term is practically
nill, and will be neglected in all the cases. The former formula can be simpli­
fied by writing (54)
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wherein R substituted the coefficient In (53), and will assume the 
values Rs or Rl if it is either the sun or the moon the body taken 
into account·

Also we must recall that

(55)

59, At the recording place, both R and 0 are constant; and if we 
rename

(56)

then

(57)

The waves Ri cos 2th and Rzcos t^ , depend only on the hour angle t^ 
We can refer t^ at any origin by knowing ¡ust the time t and the initial 
phase angle φ , and by introducing the hourly speed UJ , either of the 
sun or the moon.

That means

(58)

Going back to ( 57 ), it follows

(59)

The filtering system already explained in the text, corresponds all along 
to waves with constant amplitude and hourly speed. This should be the case 
in (59) , if £ = constant.

But the tidal wave coming from a record has involved the semidiurnal and 
diurnal waves of the moon and the sun, whose declinations are shifting little 
by little while the time t is increasing «Nevertheless, being A and B 
constants, our problem will be fully solved if, for every position of the filter 
ing schemes A and A* in Fig. 7, we know the í¿ both of the moon 
and the sun. Those values are given in Tables 2 and 5.
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In fact: if we put

(60)

Hie equation ( 59 ) becomes

Now, as a, , b^ , a? , b? are known, then the unknowns A1 z B1 
^2/^2/ can be obtained by using the filtering system, and the problem 
comes fully solved.

60. However, it must be taken into account that in the present circum­
stances, the filtering of any tidal wave is not really absolute, specially in 
the moon case, since we have considered a constant hourly speed of the 
body through out seven days. This is not actually so, because within this 
period, small variations in speed have ocurred.

Even so, we believe that the filtering of a wave is well within 98% 
instead of 100%; this is the real reason why we have taken a time span of 
only seven days, to avoid larger variations in the body speed.

Previous calculations performed on only five days have brought out 
excellent results too.

61. To start with the solution of the problem, the "waves to be filtered 
(one by one) have been properly ordered; firstly those of the sun, which ha­
ve the smaller variations in 8 and UJ , and then the lunar semidiurnal on 
account that cos^ 8 represents smaller variations than sen 2 <5 as the 
time t is going on. The lunar diurnal constituent · is the free or fi­
nal wave and is obtained quite independently of all the others.

In a first attempt we obtain for every tidal component values of R and 
(p close to the real ones. A second step is performed by using the A's 
values in order to attain values of R and io nearer to the actual ones.

62. Tables 3 and 4, corresponding to the schemes A and A* coming 
from Fig. 7, present all the necessary elements fa enter in the computation. 
In each position three ordinates have been read on the record, and the
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and Q means:figures for a, b ,

(in units printed on the recording paper)

The separation from (t - 1 ) to t , and from t to ( t + 1 ) is 
one solar hour; t, is at the middle point of every position, from[l J to 
[4*] . In the Tables 3 and 4, also stand the values Δ , which mean
either ( a - a') or ( b - b' ). The proper use of Δ will be later 
explained in pag. 58.

63. Finally, the reader will be awared that continuous tidal records are 
not necessary in most of the cases, since their central part is not used at all.

So, discontinuous tidal records can also be useful if the computer deals 
with them in a profitable way.

64. The explanation given above, permite us to enter directly to the 
calculations.
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N) NUMERICAL ANALYSIS I.

65. Schemes A and A* by using coefficients a' and b1.

WAVE p3 - LUNAR DIURNAL

Equations

Solution

WAVE p2 - LUNAR SEMIDIURNAL

Equations

Solution
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WAVE Pí - SOLAR DIURNAL

66. Schemes A and A
Solutions by using coefficients a and b .

In every of the positions shown in Fig,7, the values of Q and 
Q* depend on the actual declination either of the moon or of the sun. 
This has been the reason why we have used the coefficients a1 and b’. 

It is easily seen from Eq.(59), that if S Ξ 0 and then COS^i =1 or, 
if S = 45°and then sen 2i=l, the Eq. (59) represents two waves, 
semidiurnal and diurnal respectively, with constant amplitudes produced by 
two bodies:one orbiting the equator, and another orbiting on declination45°.

Equations

Solution

Waves with constant amplitude are of the type

(62)

Waves with 11 actual 11 amplitude are of the type

(63)

In both equations above the values A ¡ and B¡ are the
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same. From them we have already obtained the values R and φ 
for every tidal component shown in Fig. 7.

By sustracting equations ( 62 ) and ( 63 ) , we have

(64)

which shows the shift of the ordinates in every position, when 
passing from the 11 actual 11 wave to the constant amplitude 
wave.

If we compute new values Q from

(65)

then we can separate the tidal waves by using the coefficients 
a and b instead of the a1 and b1 , and so to repeat 
the computations.

ÁP3 of tidal wave p3 (Eg, 64) - Lunar Diurnal
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Δ?2 of tidal wave p2 - Lunar Semidiurnal

Afi of tidal wave pj - Solar Diurnal
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VALUES OF Q AND Q*

WAVE P3 - Lunar Diurnal

Equations

Solution
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WAVE P2 - Lunar Semidiurnal

Equations

Solution

WAVE P] - Solar Diurnal

Equations

Solution



62.
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P) NUMERICAL ANALYSIS II

67. With the advantage of knowing by the preceding computation the 
values Ai and B¡ of three tidal waves, namely the lunar diurnal, lunar 
semidiurnal and solar diurnal, we can now start solving another system 
(which is shown in Fig. 8) in the same way that we made with the former 

one, but this time beginning with the lunar waves, followed by the solar 
waves.

This new system, with the schemes B and B* , allow us to separate 
three tidal waves, among them the solar semidiurnal, which was not 
obtained before by the reason given in Sec. 56 and 52. It is for the same 
reason that the wave ρθ in Fig.8, it is to say the lunar semidiurnal,will 
not appear throughout the computations.

Tables 5, 6 and 7, corresponding to the schemes B and B* have 
the same meaning as Tables 2 , 3 and 4, corresponding to the schemes 
A and A*.

Finally, as values Aj and Bj are formerly known in three out of the 
four waves, the coefficients a and b can be directly used, provided 
that before we compute the values APj , in order to obtain the values Q 
and Q*.
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SCHEMES B and B*

APq of tidal wave pQ (Eq. 64) - Lunar Semidiurna

Lunar DiurnalA Pi of tidal wave Pi

ΔΡ3 of tidal wave P3 - Solar Diurnal



71.

PREVIOUS VALUES OF Q AND Q*

NOTE . Since there already are three tidal waves compensated with 
the ΔΡ computated above, the other remaining wave, the solar 
semidiurnal p^ , can be solved by using coefficients a’ and b' 
on virtue that the coefficients of A3 and B3 in their equations, are 

zero. As soon as the values A2 and 63 be known, we can go back 
to compútate the respective Δ?2 , and finally obtain the real values 
of Q and Q* . With them we resolve the three tidal waves p , p 

and p by using the coefficients a and b · 1 2
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WAVE p 2 - Solar Semidiurnal

(Previous computation by using coefficients a‘ and b‘)

Equations

Solution

ΔΡ2 of tidal wave p2 - Solar Semidiurnal
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VALUES OF Q AND Q*

With the previous values of Q and_ GT, and_the Δ P^ computated, 
we find the following final values for Q and Q ·

68. SCHEMES B AND B‘

Solutions by using coefficients a and b

WAVE p3 - Solar Diurnal

Equations

Solution
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WAVE P; - Solar Semidiurnal

Equations

Solutions

WAVE pi - Lunar Diurnal

Equations

Solutions
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69. RESUME

CLASS SCHEMES A and A* SCHEMES B and B*
R φ R ΐ . ...

Lunar Diurnal 25.39 180.° 2 26.77 179?9

Lunar Semidiurnal 18.78 358.° 0

Solar Diurnal 10.86 172.° 8 11.27 171? 9

Solar Semidiurnal 8.23 345.° 4

70. Explicit Results

( From Secs. 54, 55 and 69 )

Lunar Diurnal

(66)

Lunar Semidiurnal

(67)

Solar Diurnal

(68)

Solar Semidiurnal

(69)
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Q) CONSIDERATIONS ABOUT THE RESULTS

71. At La Plata latitude (0 = -34° 54') , the semiamplitude ratio 
between the diurnal and semidiurnal waves (either of the sun or of the 
moon) must be

We have got:

For the moon,

For the Sun,

that can be considered as excellent.

72. The initial phase angle of a diurnal wave must be one half of that 
of the semidiurnal wave. The following table shows the goodness of both, the 
results and the filtering system to get them.

Body

Initial Phase Angles

Diurnal wave
Corresponding 

Semidiurnal Wave
Computed 

। Semidiurnal Wave

MOON 358.° 0 179? 0 180.° 1

SUN 345.°4 172.° 7 172.° 4

73. If both, the sun and the moon, were acting at their mean distance , 
either at equator ( cos2 Jj = cos2 Íl = 1 ) or at declination 45° 
( sen 2ás= sen 2^=1) z then the semiamplitudes ratio should be, (sec.58, 
Eq. 55)
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At the date of the record readings, the moon was nearer to the Earth 
than its mean distance· Then, the amplitudes cgm^yted for the diurnal and 
semidiurnal waves, are greater by a factor V^“) = 1.046, so that, the 

amplitudes at the mean distance of the moon, would be:

Diurnal wave,

Semidiurnal wave,

In the case of the sun, also at the same date, the body was farther 
from the Earth than its mean distance, which in turn means that the ampli­
tudes obtained are smaller by a factor } = 1.024. Therefore, the 
amplitudes at the mean distance will become:

Diurnal wave : 11.07 x 1.024 = 11.34

Semidiurnal wave : 8.23 x 1.024 = 8.43

With those figures, the resulting Γ ratios, are

Diurnal waves

Semidiurnal waves

which fit well with the theoretical value of Γ = 0,46

R) SEPARATION OF THE WAVES M2 , N2 AND [K2]

74. These are the principal constituents of the already known lunar semi­
diurnal wave (Eq, 67).

It must be:
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where

The ( R] , ^) , ( ^2 / ^2^ anc> ( ^3 / ψ3) are ^e semiamplitudes 
and initial phase angles of the respective tidal components M2 , N2 
and [K2]l

We can also say that

where C^ z C^ and C kTrespectively are the 11 actual1’ coefficients 
of those waves, which are related to the mean coefficients Cm¿ , C n?

and c[k2] by

where " f " is the node factor for every tidal wave. / x
Since Q and Q* are theoretically obtained in every position! Ί 2 ...etc) 

it is not necessary to use the tidal record. ' ' '
To perform the computations, the variation of the moon distance must be 

taken into account, to get the factor (Pa / ' W^er* ^ 's ^e
11 average 11 distance at the date of the'computations. Fig. 9 shows the path 
of the moon, where distance changes are evident.



79

FI
G

.9



80.

Every tidal component will be obtained quite independently· In this way 
better results can be reached; the increasing in work computations is only 
apparent·

Being that so, we have prepared the following filtering schemes and 
Tables:

For wave M2 schemes in Fig. 10 and Table 8·
" " No ” " Fig. 11 11 Table 9.
" " LK2]l " " Fig. 12 " Table 10.

FI
G

.1
0
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TABLE 8

Posit. Mt& n2
M2

Qcos cut sen cut

-73.7753 Li]
21*69
+0.9292 +0.3696 +18.838

-61.8081 [2]
8?55

+0.9889 +0.1486 +19.888

+52.8081 [3] 90’60
-0.0104 +1.0000 + 0.454

+64.7753 LO 77’46
+0.2172 +0.9761 + 3.658

Hh) Posit. Ml & N2 m2 Q·
COS UJ t sen ujt

-64.7753 [13
282? 54
+0.2172 -0.9761 + 3.813

-52.8081 L23 269?40
-Q0104 -1.0000 - 0.788

+61.8081 [33 351*45 
+0.9889 -0.1486 +14.005

+73.7753 [43
338*: 31

+0.9292 -0.3696 +12.548

WAVE M 2

Equations

Solutions
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TABLE 9

Lh> Posit. WL & N? Qcos uut sen ujt

--72.5866 UJ
95· 66 
-0.0986 +0.9951 +11.612

--60.6194 [2] 76?00 
+0.2419 +0.9703 +15.021

+51.6194 [3] 28? 04 
+0.8826 +0.4701 + 8.688

+63.5866 W
8?39 
+0.9893 +0.1458 +10.809

t(N Posit. Ml 8, Mj
N

cos w t sen ω t

-63.5866 [1·]
351?61
+0.9893 -.0.1458 +14.263

-51.6194 [23 331?96 
+0.8826 -0.4701 +10.597

+60.6194 [33 284*00 
+0.2419 -0.9703 +10.023

+72.5866 [43 264’34
-0.0986 -0. 9951 + 7.171

WAVE N 2

Equations

Solutions
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TABLE 10

*(h) Posit. N2 8, M2
Ml

Q
COS UJ t sen lu t

-72.9322 Li] 326^05
+0.8295 -0.5586 +14.271

-60.2738
3«?84 
+0.9737 -0.2278 +12.467

+51.2738 [3]
102? 43

-0.2152 +0.9766 +10.650

+63.9322 [4] 123?22
-0.5478 +0.8366 + 8.970

kh) Posit. n2 & m2
Ml

cos uu t sen lu t

-63.9322 Lr]
23 6? 78
-0.5478 -0,8366 +11.597

-51.2738 [23
257?57
-0.2152 -0.9766 +13.383

+60.2738 [33
13316
+0.9737 +0.2278 + 8,123

+72.9322 [43
33?95 
+0.8295 +0.5586 + 9.101

WAVE ÜqZIl

Equations

Solutions
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S) SEPARATION OF THE WAVES S2 AND [k2]s

75. These are the main components of the already known solar semidiur­
nal wave, ( Eq. 69 ).

It must be,

where

/ /°m \Φ$ ^e <^’s^ance variations of the sun have been very small, the factor 
(-Q—j should be taken as the unity.

** The (Ri / ψι) and ( R? , ^ are the semiamplitudes and initial phase 
angles of the waves S2 and [j^L

The “actual" coefficients of these waves, ( C$ and Cr^ η ) can be 
obtained from ^ ^s

It must be pointed out that the tidal waves formula takes into account 
the moon and sun joint effects. In order to use only one coefficient, namely 
that corresponding to the moon, it is necessary to multiply the coefficients of 
the sun component waves by the factor Γ = 0.46 (Sec.58, Eq.55).

Now, the mean coefficients C$2 and Cr« η are related to the 
" actual" coefficients by 2^s

To separate both waves from the solar semidiurnal wave, we have prepa­
red the schemes shown in Fig. 13 as well as the Table 11. The computation 
follows the same steps as usual.
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TABLE 11

t (h) Posit. Ms $ 2

cos w2t sen uj2f cos UJit sen uj,t

- 82.28706 [ij

441629

+0.7117 +0.7025

5(38J

+0.6240 +0.7814 +6.163

+ 73.28706 [2]

4ÍG32

+0.7116 +0.7026

381612

+0.7814 +0.6240 +6.898

t(h) Posit.
M5 s2

cos UJ2t sen W2t cos UJ 11 sen w,t

-73.28706 [13

315’368

+0.7116 -0.7026

32Ü388

+0.7814 -0.6240 +4.584

+82.28706 [2·]

31^371

+0.7117 -0.7025

3081612

+0.6240 -0.7814 +3.088
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WAVE S2

Equations

Solution

WAVE ΓΚζΙ

Equations

Solution
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T) SEPARATION OF THE WAVES [kJl , ΟΊ and Q,

76. These waves are the principal components of the already known 
lunar diurnal tidal wave. ( Eq. 66).

It must be accomplished that

wherein

Moreover, the ( R| , 4^) , ( R2 , Ψ2) and ( R3 , qk) are the semi­
amplitudes and initial phase angles of the respective tidal components L KiJL, 
Oi and Qi

It also follows that

where Cr^l· C^ and Cq( respectively are the " actual " coefficients of 
those waves; ^related in turn to the mean coefficients Cr^l, Cq1 and Cq1 

by 1

where 11 f 11 is the node factor
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To separate the named tidal components waves from the lunar diurnal 
tidal wave, expressed by Eq. 66, ( and owing to the fact that a short 
time record have been used ), we may avoid to introduce into computations 
the factor ^^"^ / ^en considered as the unity.

Fig. 14 shows the schemes A and A* , and Table 12 have the 
elements to enter, to the necessary computations in order to separate the 
proposed tidal component waves. As the steps to bring out the solutions are 
as always, any further commentary is needed.
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WAVE Q,

Equations

Solution

WAVE O]

Equations

Solution
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WAVE [kJl

Equations

Solution

f = node factor = 1.105

* This coefficient really involves not only that of the wave ^kJ^ 
but also those of the waves M1 and J] , whose average period and 
instantaneous average phase angle are exactly the same of the wave[Kj 

At the date of the present example (May 1 - 8, 1970 ) the mixed 
semiamplitude incorporated by the wave Mj and J1 , is within the 
order of 0.05; whence, the semiamplitude of ^K]J^alone, must be within 
the order of

U) SEPARATION OF THE WAVES [kJs and P|

77. These are the main tidal components, which can be obtained 
directly from the already known solar diurnal tidal wave, ( Eq. 68 )

It must be
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where

The ( Rj / ^) and (R2 / ^2 ) are ^e semiamplitudes and initial 
phase angles of the respective tidal components L^ls and P1.

It is easily seen that

where C^J and C^ are the 11 actual 11 coefficients of these waves. 
By the reasons ^given in Sec 75 , the mean coefficients come from

The factor r = 0.46 has the meaning already explained by Eq. 55.

In order to separate the proposed tidal waves, we have prepared the 
schemes shown in Fig. 15, and also the Table 13, dealing with them in 
the same way as always.
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TABLE 13

t(h) P1 Q
cosuu-jt sennit cos uu21 sen u^t

-80.8034 [1] 224.63
-0.7117 -0.7025

231.27
-0.6257 -0.7801 + 4.217

+62.8034 [2] 224.63
-0.7117 -0.7025

219.47
-0.7719 -0.6357 + 5.034

t (h) Pl Q*
cosUU-i t sen t_U ^ COS LU21 sen tu 21

-62.8034 [1-1 135.37 , 
-0.7117 +0.7025

140.53 ,λ
-0.7719 +0.6357 + 3.617

+80.8034 [ 25
135.37
-0.7117 +0.7025

128.73
-0.6257 +0.7801 + 3.490

WAVE ΡΊ

Equations

Solution
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WAVE [κΛ

Equations

Solution

V) FINAL RESULTS

78. In the following Table 14, there stand the values of the set of 
coefficients to which we have arrived after all the computations.

By comparison with the theoretical values it is seen that the greater 
the coefficients are, the better the internal accordance is.

Besides, this is quite natural.
Regarding the wave components [kJ and ΓΚ2Ί we have the chance 

of comparing the initial phase angles obtained for [KJl and [kJs 
on the one hand, and [Κ^ and [Κ2^ on the other hand.

In the first case it has been obtained 127°.9 and 128°.9 for [Ki]L 
and _KÜs respectively, which fit better than expected.

In the second case, for waves [iq]^ arid .we have obtained 
54°.l and 60°.7, which also represent a good internal agreement, 
keeping in mind the smallness of their coefficients.

It has not been our intention to achieve the wave component coeffi­
cients with a greater accuracy, because there are many other wave
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components that we have put aside on account of the smallness of their 
coefficients.

These waves mix up, of course, with the principal tidal constituents 
we have considered. We have been only depending on a seven days 
long tidal record.

TABLE 14

CLASS SYMBOL NAME

COEFFICIENT

ΔREAL COMP.

SE
M

I DIU
R

N
A

L m2 PRINCIPAL LUNAR 0.908 0.88 -0.03

n2 LUNAR ELLIPTICITY 0.176 0.20 +0.02

S2 PRINCIPAL SOLAR 0.423 0.42 0.00

K2 LUN I - SOLAR 0.115 0.08 -0.04

D
IU

R
N

A
L

Oi LUNAR DECLINATION 0.377 0.35 -0.03

Q! LUNAR DIURNAL 0.073 0.075 0.00

Pi SOLAR DECLINATION 0.176 0.17 -0.01

K1 LUNI - SOLAR 0.530 0.54 +0.01
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W' COMPUTED DIURNAL AND SEMIDIURNAL WAVES, VERSUS TIDAL 

RECORD.

Figs. 16 α, 16 b and 16 c present a comparison between the tidal 
wave (solid line), basically used for computations, and the results obtain­
ed (black dots) by adding the expressions 66, 67, 68 and 69 given in 
Sec. 70.

There are also plotted (white dots) the values which are obtained by 
adding the eight wave components (M2 + N2 +S2 + K2 +O] + P] +Qi + Ki) 
separeted from the lunar and solar diurnal and semidiurnal waves, all 
along the method and computations presented in the text.

The goal of the author was to produce a suitable method to separate 
tidal component waves from a short period tidal record.

Figs. 16 a, b, c, which only cover a time span of 48 hours (from 
May 3/1970 at 15H.U.T. to May 5/1970 at 15 H.U.T.) show how the 
results fit with the original tidal wave record. The accordance is as good 
as expected.

In the case of the "black dots" , the variation in distance of the 
moon has not been taken into account. When introduced, the accordance 
is improved.

In the case of the "white dots", it must be kept in mind that only 
eight tidal components have been separated, while a lot of others, with 
smaller amplitudes, are set aside, provided that owing to their different 
initial phase angles the waves mix up to almost a self compensation.

The value z is easily obtained if formulas ( 11 ) and (12 ) are used.
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