
A CALENDAR OF THE FUNDAMENTAL 

HARMONIC TIDES AND DIAGRAMS 

FOR THEIR GRAPHICAL PREDICTION

The height of the tide in a place at any moment T  is given in the 
harmonic notation by the well-known formula :

in which : <p —  VQ +  nT —  g with R =  f x  H

A 0 is the height of the mean sea level above chart datum; R  is the half 
range of a constituent; V 0 is the equilibrium argument at the initial epoch 
from which the time T  is reckoned; n is the speed of the constituent; nT  is 
the increment of the equilibrium argument from the time oh; lastly, g is 
the particular phase lag of the constituent for the locality under consideration 
referred to the meridian of .Greenwich.
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In figure ( i ) it will be seen that High Water of the constituent occurs 
when (p =  o° and for consecutive integral multiples of 360°.
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Let us choose for instance as initial epoch ob of Greenwich on ist 
January 1940. The first H. W . of the constituent will take place at the 
time

r  =  3^0 —  Vo , _g_ (2)
n n

the succeeding High Waters of this same constituent will follow this instant 

at the consecutive integral multiples of
n

a
In formula (2) the term __is a purely local constant of the considered

n
constituent which, to simplify matters, we might call its “  establishment on 
Greenwich

The term T Q —  ------ ~° is independent of the locality and is
n

computed astronomically for the initial instant and the prime meridian of 
Greenwich. In condensed form, by a sort of fiction, this term may be design
ated as the “  time of maximum potential of the constituent at Greenwich ” , 
or else, “ Time of transit at Greenwich of the Fictitious Body

The Calendar, a page of which is reproduced overleaf, gives for each
day of the year 1940 the time of maximum potential at Greenwich, or 
Transit at Greenwich,

Tm =  T0 +  multiple (3)

of each of the fundamental harmonic constituents M2 Sz N 2 K z Kx Ol Px 
<2i ^4 MSi of the tide.

T o obtain the time of the actual H. W. of each of these fundamental 
constituent tides for a given place expressed in the local time of that place, 
it suffices simply to add to the time T m taken out of the Calendar for the

or
given day and for the constituent considered, the establishment peculiar 

to the place.

a
(This establishment hours is easily deduced from the harmonic

constant g° by the aid of a permanent conversion table, a section of which 
is reproduced overleaf).

The tabulation given below shows how the Calendar, which is a species 
of Annual of the fundamental harmonic tides, may be quickly compiled.

The equilibrium argument has been recomputed for the first day of 

each month. For the subsequent days certain multiples of , correspond

ing to the daily increment of this argument, shown in the last column of 
the tabulation, have been added. Thanks to a small calculating machine,



these additions are effected very quickly and the compilation of the Calendar 
for the whole year requires but very little time.

CONSTITUENT n 1/n PERIOD DAILY
INCREMENT

m 2 28°.984 2m.C>70 I2h-42I — I2h.25m.24 X 2 = 24h.50m.48 + Som.48
s2 30°.ooo 2m.000 I2h.000 = I2h.OOpl.OO = 24h.OOm.OO om.oo
n 2 28°.440 2m.110 I2h.658 = I2h.39m.49 = 25h.i8m.99 + ih.i8m.99
k 2 30°.082 im-99S n.h967 = u h.58m.04 = 23h.56m.07 — 3m-93

i5°.o4i 3m-9S9 23h-935 = = 23h.56m.07 — 3m-93
0, 13°-943 4m-303 25h.8i9 = = 2Sh.49m.i6 + Ih.49m.i6
Pi i4°-959 4m.0ii 24h.o66 = = 24h.03m.95 + 3m-95
Qx 13 0-399 4m-4/8 26h.868 = = 2Ôh.S2m.05 + 2h-52m.05
m 4 57° .968 im.035 6h.2IO = 6h.i2m.6i X 4 = 24h.som.48 + 50m48

MS* 58°.984 im.oi7 6h.i03 = 6h.06jn.20 = 24h.24m.8o + 24m.8o

daily

°°-99
i °.97

Max. 21 st March.

In the calendar, for each day only one of the hours of maximum 
potential relating to the semi-diurnal or quarter-diurnal High Waters is 
given. The other, or the others, may as far as required be deduced there
from by simple addition, from the periods of the constituents indicated in 
the above tabulation.

Should it be desired to use the harmonic constants directly for the 
prediction of tides by computation, the data supplied by a small Calendar 
of this kind would in a sense do away with all the tedious calculation of 
the initial phase of each constituent. Further, by the graphical method set 
forth below, which dispenses with any costly or complicated gear and ne
cessitates but insignificant materiel easily constructed by one’s self during 
a hydrographic expedition, the calculation of the hourly ordinates is confined 
to a few additions.

Having determined by means of the harmonic Calendar, as stated above, 
the times of the various High Waters of the local harmonic constituents 
for a given day, a series of “ sinusoidal reglettes ” (rules) made of tran
sparent celluloid, each corresponding to one of the constituent tides M2 S2 
N-2 K 2 K i Oi Pi Qx M4 et MSi, are laid successively on the diurnal diagram 
(Diagram A  - Fig. 2) graduated from oh to 24h. For this purpose it suffices 
to place the index engraved on each reglette (rule) on the time of H. W . as 
read off the diagram, while bringing the horizontal middle axes of the 
reglette and of the diagram into coincidence.

Figure 3 represents, for example, the sinusoidal reglette for tide M2.
Figure 4 shows this reglette laid on diagram A  for a H. W . of M  2 

occurring at 1 h. 25 m.
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The ordinates due to each of the constituent tides are then read off 
the diurnal diagram with each of the graduated sinusoidal reglettes and 
for each even hour.

To this end the sinusoidal reglettes carry a graduation in hundredths 
of the semi-range of each tide, above and below the line of mean sea level, 
and interpolation is easily effected by inspection between the divisions of 
the “ reglette

Thus it suffices for each constituent to multiply its half-range by the 
number of hundredths of the rise or fall read for each even hour on the 
sinusoidal rule. This multiplication is readily done by inspection by super
posing on diagram B (Fig. 5) (auxiliary diagram for interpolating hun
dredths of range) the various scales graduated in centimetres (or in feet) 
corresponding to the desired range of the semi-amplitude of the constituent 
considered. (Fig. 6).

Fig. 6 shows two of these scales printed on a celluloid batten. A  set 
of six of these reglettes suffices to cover the practical range of all the 
semi-amplitudes likely to occur.

Fig. 7 illustrates one of the scales laid down on diagram B for a half 
range of 17 centimetres or feet.

In this manner both diagrams A  and B and their respective reglettes 
will be used simultaneously for reading by inspection, without computation, 
the hourly ordinates due to each constituent tide, by means of which a 
tabulation of the form C may be filled in (Fig. 8).

By algebraic summation of the corresponding ordinates of all the con
stituents there will be deduced the hourly ordinates of the total tide of 
the place, for the whole day or the period considered, referred in plus or 
minus to mean sea level.

These summations may be readily made provided some form of sys
tematic calculation is available, for instance like that of the appended model 
(Form C) (Fig. 8).

In order to refer the hourly ordinates thus determined to chart datum, 
it suffices to add the height A 0 of mean sea level above chart datum indicated 
as a rule by the chart or by the tabulations of harmonic constants.

These ordinates will enable the graphical curve of the tide for the 
particular day or period considered to be traced on cross section paper. 
From this graph the High Waters and Low Waters are then deduced and, 
generally speaking, the curve enables all the tidal problems to be solved 
by inspection, without assuming new hypotheses concerning the law of 
vertical movement of the water, for instance the so-called Rule of Twelfths, 
and without tedious interpolation calculations.

R e m a r k s  : 1. —  It is obvious, from the above, that for the semi
diurnal and quarter-diurnal constituents it suffices to know the time of one 
of the daily High Waters only, since the sinusoidal reglette automatically 
furnishes the other, or the others, on the diagram A  in face of the con
secutive maxima of the sinusoid.



2. —  The semi-ranges, as also the phase lag g of the various con
stituents of the tide, are given by the Lists of Harmonic Constants published 
by certain Hydrographic Offices as well as by the International Hydro- 
graphic Bureau in its Special Publication N° 26. These constants are now- 
a-days known for more than 1950 ports distributed all over the world.

If the phase lag is not referred to the meridian of Greenwich, but to a 
local meridian (Kappa number) it will be necessary for its utilization as 
above, to reduce it first to the meridian of Greenwich, by means of the 
formulae and tables which are given, together with detailed explanations, 
in the Preface of December 1930 of the International Hydrographic Bu
reau’s Special Publication N° 26.

3. —  In the Table for converting the establishments are given the 
dates on which the annual and semi-annual constituents 5a and S sa reach 
their local maxima in terms of their respective phase lags, so that by using 
the two reglettes (red) peculiar to these constituents (Fig. 9) conjointly 
with the monthly portion of diagram A  (Fig .2), it is possible to deduce 
from this ’ diagram for each day of the year the corresponding plus or 
minus correction to be applied to mean sea level; this correction is then 
entered on Form C (Fig. 8).

As an example a tabulation is given below of some of the regional

harmonic constants H  and —  of the tide from Saigon to Hong-Kong.

An harmonic tide calculator comprising both diagrams A  and B des
cribed above, a set of 12 sinusoidal reglettes and 6 metric scales, together 
with a supply of calculation forms, C, is exhibited in the Library of the 
International Hydrographic Bureau. The whole is contained in a case the 
outer dimensions of which are 27 X  72 X  3 centimetres (7 3/4 X  
X  3/4 ins.), and weighs 1.6 kilograms.

S u m m a r y  : The compilation of a very simple Calendar of the Fun
damental Harmonic Tides would facilitate the direct use of the harmonic 
constants already known for a great many ports.

Easily traced diagrams make it possible to reduce the calculations for 
prediction to a few additions at jnost.
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Tableau des Constantes Harmoniques régionales de la Marée de Saigon à Hong-Kong.
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demi amplitudes en centimètres, établissements en heures et minutes, et 
rapportés au Méridien de Greenwicb.


