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A RAPID METHOD OF CALCULATION
OF THE HARMONIC TIDAL CONSTANTS
BY A SYSTEM OF CARDS AND MACHINES.
BY

Vice ApMIRAL J. M. PHAFF, Divector.

A rough outline of the rapid method in question has already been given
on pages 43 and 44 of Special Publication N° 12 * Investigation of Harmonic
Constants. efc.”

P. M. VAN RgEI, the Assistant Director of the Koninklijk Nederlandsch
Meteorologisch Institut of DE Birr, gives the detail of this method in the
weekly paper “ de Ingénieur ¥ N° 13 of 1926.

He informs us that, by using the houtly observations taken at a mare-
graph during one year, the investigation of constants by a method in which
no machines are used requires about 300 hours, while the rapid method in
question requires only about one hundred. Besides, the latter method is checked
automatically, whereas for the former a particular control is necessary .

The tide-book proposed by the Institute also includes the partial waves K
and P, so that the complete type for the first four days is as follows :
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27 HYDROGRAPHIC REVIEW.

By means of the formulae given on pages 18 and 19 of Special Publica-
tion N° 12. columns may be added to the proposed tide-book for all the other
constituents which might be required.



28 HYDROGRAPHIC REVIEW.

It should be observed that every single observation, without exception,
must be positive ; they may be started on any date, but it is easier to start
them on the first day of a month. Consequently, the perforated card for
observation 168 at 5 p.m, on the fourth day of the fourth month of 1912
will be as follows :

TABLE.
TIME oF
= Time | Observa- E
Yea,rgDay g
= of S tion Z
M N K 0 p ebe.
11
0 0lojloo0 o0lo ofo o oo olooloofoolo o 0
otlll{1r111lo01lo011j01|l01|l01l00|O1 o
2 Q|2 2 212 2(2 2 2 212 Q|2 2 212 2 2
3 31313 3 313 313 3 33 3|3 3|3 3|3 3|3 3 3
4 4104 404 4|4 4 4|24 0/4 4|4 4|4 44 4 4
5 5({5|5 5 5|5 515 5 5|5 5{5 5|5 5|[b 5|5 5 5
6 6166 6 6/6 6)6 O6 |6 6|6 6|6 6]6 6|6 6 6
T 7l1l71 1710l T 1T |1 rlTr0Ol7T 7|70 7
8 8. 8|/8 8 8|8 8/ 8 80 /8 88 8|8 8|8 8|8 8 8
9 91919 9 9,9 919 9 919 919 9|9 919 919 9 9
L oz|8|s 5 | T 8|2 10 11 j12 13[14 15|18 17(18 12|20 21

Therefore the number of cards required is 8800 for 370 days’ observations
{for S, M, K and P ; for O only 355 days’ observations are required, and
for N 26s).

In the example given for Kokas, in Dutch New Guinea, Lat. 297 S. and
Long. 132°4 K., only 8856 observations were used, because one day is missing
in January 1913 out of the observations which were started on 1st April 1912.

The cards are first sorted into 24 packets by the sorting-machine, accor-
ding to the hours of the constituent S, from o to 23 inclusive; the observa-
tions of each packet are then added by the tabulator, so that the constants
of S can be deduced thereby. The same mode of procedure is also applied
to the constituents M, N, etc.

Instead, however, of working out the summations of the 370 cards toge-
ther, they are taken for each month separately in order to collect the data
which will serve for calculating S4 and Ssa. Thus the number of cards for
July is 24 x 31, and the Table which gives the conmstituents S and M for
that month is drawn up as follows :



HYDROGRAPHIC REVIEW.
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TABLE I. JULY
Number Number Number
Day | oBsErRvATIONS | of cards| Hour | oBservaTiOoNs [of cards| HOUR | OBSERVATIONS | of cards
(1) (2) (3) (4) () (6) M 8 @
92 7659 24 00 10520 31 00 9789 31
93 7569 24 01 10245 31 01 10303 31
94 7603 24 02 10630 31 02 10662 31
95 7685 24 03 9860 31 03 11181 32
96 7682 24 04 9650 31 04 10871 31
97 7729 24 05 9415 31 05 10232 30
98 7712 24 06 9255 31 06 10207 31
99 7722 24 07 9101 31 07 9451 31
100 7791 24 08 8905 31 08 8810 31
101 7729 24 09 8811 31 09 8650 31
102 7771 24 10 8650 31 10 8922 31
103 7694 24 11 8660 31 11 8899 30
104 7661 24 12 8700 31 12 10073 32
105 7713 24 13 8909 31 13 10269 31
106 7499 24 14 9145 31 14 10591 31
107 7650 24 15 9733 31 15 10771 31
108 7678 24 16 10289 31 16 10887 31
109 7743 24 17 10743 31 17 10746 31
110 7817 24 18 11105 31 18 10644 32
111 7678 24 19 11325 31 19 9516 31
112 7723 24 20 11350 31 20 8689 30
113 7609 24 21 11245 31 21 8772 31
114 7649 24 22 11010 31 22 9031 31
i15 7693 24 23 10745 31 23 9426 31
116 7656 24
117 7675 24
118 7659 24
119 7533 24
120 7453 24
121 7449 24
122 7508 24
237392
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32 A METHOD OF CALCULATING HARMONIC CONSTANTS

The three left hand columns in Table 1 are used for testing. Columns 5
and 6, 8 and g (and so on for the other constituents) are inserted in Tables 2
and 3, which are drawn up for the constituents S and M only, and the re-
sults of which are as follows: on the lower left hand side the total number
of observations for each month, and in the last column the total number for
each hour during the year, as well as the grand total of these. On the lower
right hand side is the sum of the observations made in cach month, and in
the last column but one are the totals, for the whole year, of the observa-
tions made at thesame hour and the general total. The last column shows

111715

the mean values for each hour, 7. e. for the zero hour, 5
359

= 302.8, elc.,

and finally the general mean 318.6.

In order to test the accuracy with which the cards have been perforated
according to the days and observations made during one month, the cards are
counted (column 3, Table 1) for each day (column 1, Table 1), and the obser-
vations made during that month are added (column 2, Table 1). The total for
that month must be equivalent to the monthly total of Table 2, and the
total of the sums in column 2, Table 1, for the twelve months must be equi-
valent to the monthly total of the last column but one, at the bottom of
Table 2. ILastly the total of the monthly totals on the right hand side,
2821496," divided by the total of the monthly totals on the left hand, 8856,
must come very near to the general mean 318.6.

Sometimes double insertions or blanks (for constituents other than S) give
rise to differences in number which can only be revealed by the test.

In Table 3 (Constituent M) the observations made at the lunar hour 16
in the months of December and January are shown as amounting to 32 and 28
in number, while the sorting of the cards gives 31 and 29. The cause of this
discrepancy is that the first observation in January is at the same time the
double insertion at the 16th lunar hour in December. In the addition, there-
fore, this card should be added to those of December.

From the total number of monthly observations it will be seen that the
divergence affects both months, because this number should be equal to 24
times the number of days which have elapsed since the observations were
begun, that is, for December and January, 744 and 720, since in January no
observations were made during one day. On the contrary Table 3 shows 745
and 719 observations.

Should the key-punch allow several cards to be punched at a time, a
certain number of these might be piepared beforehand, except for the year and
the observations. which are punched only when about to be used.
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