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S2 19" = 0.6 hours, 
M2 19°= 0.7 ~ 

N 21°=0.7» 
K 2 21°=0,7 ~ 

sa that thc difference amounts to 42 minutes of time, wbilst tbe 
amplitude may be assumed to be twice as large at Sa bang - at 
least in the back parts of the bay - as on the road of Olel~-leh. 

Tbe mono- and semi-annual variations are for both places some
what different; from the three series of observations at Olek-lelt it 
appears bowever tbat in these regions thc monthly mean values of 
tbe sea-Ievel widely differ for different years, so that a better agree
ment might be expected onIy if the observations extend over a long 
series or at least over simultaneous periods. 

It is of some importance to remark that, wbel'eas tbe semidiurnal 
tides at Sabang are nearly twice as strong as near Olph-leh, tbe 
mono-diurnal ti des seem to be amplified in a far less degree. 

This point, concerning the way in which bath ti des propagate 
and are enlarged or diminished, is of great importance for the 
unnerstanding of the mecbanism of tides and requires a thorough 
investigation. 

With a view of elucidating this point tide-gauges ought to be 
established at the entrance and in tbe back parts of bays and 
estuaries: for these experiments however stations should be chosen 
where the mono-diurnal tides are better rnarked than ai. Sabang 
so that an accurate determination of the characteristic constants is 
possible. 

An analysis of tides at different parts of a river in wbich a tidal 
wave of mixed description propagates would also afford useful data 
for this purpose. 

HYdrography. - "On Me relatioll between the mean sea-level and 
tke height ot half-tide." By H. E. DE BRUYN. 

The mean sea-Ievel is the mpan of the height of thc water ob
served at short intervals i. e. every hOUT. 

Observations have proved, that tbe mean of 3-houdy observations 
does not pl'actically deviate from this; in this way the mean sea
level in tbe years 1884-1888 has been determined by the Royal 
Geodetical Commi~sioll (Annual report of the Commission 1889). 

Generally it is admitted that there is a constant difference, between 



- 3 -

( 190 ) 

tbe mean sea-Ievel and balf-tide (tbe mean of hig'b and low water), 
during several years or months. 

This bas been done by tbe 11bove-mentioned Commission, in their 
II ealeulation of tbe mean sea-Ievel for several years for Den Helder. 
I Dr. H. G. VAN DE SANDE BAKHUYZEN also in bis eommunieation 
11 "On the val'iation of latitude," to the meeting of tbe Royal Aca-
11 I
1 

derny (24 th of Febr. 1896), assumed tbat tbe mean value of th at 
II difference dllring- a month WilS a constant quantity at Den Helder. 
ij In bath cases tbis was perfectly justified, as tbis value for the 

annl1al means is very nearly constant at Den Helder, and in tbe last 
case differenees tbat may exist, -are eliminated by the method of 
determÏIlation. However, the supposition that the difference is con
stant is not true for tbe annual means at all \ stations, and is 
eertainly not so, fol' the monthly lI)eans at some stations. 

lintend to trace those causes, which produce a difference in this 
value, and to find its range for one tide-gauge. 1 took Delfzyl for 
the observation-station, as at Delfzyl the difference between half-tide 
and the mean of tbe sea-Ievel, is greater and more variable than at 
any otber station in our country. From another point of view, 
Delfzyl would not ue so advantageous, as there a comparison with 
tide-gauges in the neighbourbood is not possible. 

Before proceeding furtl1er, a few words, to point out the impor
tance of the law of tbe variation of that diffe,l'ence, are necessary. 
The knowJedge of the mean sea-Ievel is not on]y important for the 
annua] means, but also for the monthly means, as we can deduee 
from' them the annual variation, and also because an exact knowledge 
of tlle monthly means, assists in thc deteetion of the una'Voidable 
changes of the zero's in tbe automatic tide-gauges, and the detor
mination of their values. As the high and ]ow water marks are 
always determined in tlle first place, their mean is naturally known; 
tberefore it saves much troub1e, if it is possible to oeduce from that 
mean value, the true mean sea-level, as the hourly observations can 
be then neglected. Besides, in the avent of interruptions, which 
happen frequently in using the automatic tide-gauges, it is much 
easier to guess, the positions of high and low water, than the hourly 
heights, as high and low water are independent of the exact time. 
Moreovel' meteorological eircumstanees have, by the retardation or the 
acceleration of the tide, a greater influence on tbe hou1'1y heights 
than on higb and low water. 

The mean sea-level can tberefore be deduced more exactly from 
the height of half-tide, the difference of both being known, than 
from the hourly observations wben some of these must be guessed. 



- 4 -

( 191 ) 

Further let the differenee between tbe mean spa-level and the 
height of balf-tirle be A, the mean sea-leveI Z, high water V, low 
water E. Half-ticJe is t (V +- E) and the range of tbe tide (V - E). 

The causes, which have an infiuence on the vaIue of A, are four 
in number: 

1 st • the range of the tide (V - E); 

2nd• the mean sea-Ievel (Z); 

31d • the time of the year; 
4th • the presence of ice. 

In the last mentioned case, I arn not alluding to the fact of the ice 
preventing tbe working of the tide-gauge, for I consider this to be an 
interruption, but to the fact, that the presence of ice at a certain 
distance from the tide-gauges, deforms the tide-curve. This defor
mation is, in my opinion, one of the most illteresting researches on 
tides. 

I propose to solve the following question. What corrections are 
wan ted for Delfzyl in tIle value A, ded u ceel' from a certain n \lm ber 
of years, in order to find that quantity for separate months? 

The data, which 1 had at my disposal were the values of Vand 
E for 18 years (J uly 1881-J uly 1899) the values of Z for 7 years 
(1884-18üO) viz. the height at 2, 5, 8 and 11 o'clock, and in 
adrlition thc height at 2 and 8 o'clock for 8 years (1891-1898). 

The mean range of the tide at Delfzyl is, according to these 
data 2750 m.m., the mean sea-level Z is according tû the calcula
tions of the above-mcntioned commission 128 m.m., reckoned from 
the zero of tbe tide·gauge iluring tbc years 1884-1890. Tbe mean 
valIJe A during these 7 years is 193 m.m., so we find that the 
mean of half-tide is 128-193 m.m. == - 65 m m. Tide·curves 
of Rpr:ng and neap-tides accompany this paper. 

It is difficult to determine, how much each of the four causes, 
influences A. at Delfzyl, as they of ten rnodify A in the same direction. 
So, during the year, the correction for each of the three first·named 
causes, is generally a sinusoïde of about the same amplitude and 
the same phase. 

It is therefore necessary, to adopt a certain definite value for one 
of these causes. I assume that the correction, due to the first cause, 
is pl'oportional to the difference of the mean range of the tide and 
the observed value of that range V-E and that their proportion 
is equal to the ratio of tbe mean values A and V-E, or ceteris 
pari bus, A is always proportional to V -E. In subi:ltance this will be 

14 
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he case. I adopted as this propol'tion lh5' the correction is the!'cfore 
Ihs (V -E-2750) mmo 

As concerns the second correction we see that when tbe sea-lovel 
is hi~ber, A is smallel' tban the mean value, and vice-versa. 

We do not know exactly the law governing these small changes, 
because various unf'oreseeu circumstallces e. g. stOl'ms infiuence them. 
The only thing that CiHl be done, in my opinion, is to take for this 
correction a quantity proportional to the deviation of the mean sea-level. 
As it was my intention ta deduce thc value of Z [rom that of half-tide, 
which is known, I adopted for -the value of that correction a quantity 
proportional to the deviation from tbe mean height at haJf-tide 
(- 65 mm.). 

Af ter compal'ing the Rame months of different years,-l found 
that this correction amounts to about %0 or 2/30 of the value of 
that deviation i. e. %0 or l/SO of (V + E + 130). I have adopted 
1/25 (V + E + 130). 

That the height of Z has an infiuence on the farm of the tide
curve, is probably due to the mud-banks in the Dollard. The surface 
that must be covered, constantly changes with the level of the sea, 
and so for equal tide-ranges, the quantity of water fiowing in and 
out of the Eems at Delfzyl, is much greater for high sea-levels 
than for low. 

Both corrections being applierl another annual correction is still 
wanted. For tbis correction I adopted an annual sinusoide, the 
amplitude and the phase of wbich can be easily determined. The 
amplitude is in round numbers 10 mmo and the greatest positive 
value occurs about the 1 st of J uIy. From the observations in tbe 
seven-yearly period, there is no evidence of tbe existence of a half
yearly sinusoide. Considering also tbe heights at 2 and 8 o'clock 
for tIJe period 1891-1898, thel'e appears to be a semi-annual sinus
oïde, but tue amplitude is very smalI, and it is questionable whether 
the sinusoide derived from th08e observations is not different from 
the meau sinusoide. lt is better to entirely neg!ect this correction. 

Af ter app1ying theliB COL'I'cctioIlS, the values of the sea-level for 
some months, still show great ncgati ve di vergencies. It is obvious 
that these are exactly the months in whieh we have a very l~w 
temperatUl'e, and in which th ere must have been iee. But as the 
mean telllperature of a month is not an ex,lCt proof of the pre5enr e 
of iee, I adopted as ,a datum the thicklless of the ice accoruing to 
tbe observations at Den Helder (see the Proc. Kon, lust. van Inge~ 
nieurs) as quotecl in the following table. 

-
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Thickness of the 1 c e In mmo 

1884 1885 1886 1887 1888 1889 1890 

Janual'Y 22 387 201 298 310 204 43 

February 53 34. 323 266 360 156 171 

March 6 24 211 110 223 124 93 

November 46 74 6 43 145 27 267 

December 95 58 96 121 51 l!:l9 811 

I took for tbe months in question the four ones in which the ice 
h3s tbe greatest thickness, and two other, months in which the 
thickness too was grea.t, following immediately on two of the for
mer, as -we may suppose the ice still existed during' that time. The 
selected months are underlined in the table, 

I found tha.t in these months A is too smalI. Tt is difficult to find 
a cause for tbis, as, excepted at Delfzyl llnd Statenzyl, th ere are no 
tide-gauges in the Eems and ihe Dollard, and the gauge at Statenzyl 
does not wOl'k when the tide is low. Probably it is due to the 
iee on tbc mud-banks of the Dollal'd. Generally tbe effect of 
the ice is to raise high':watel'mark at the mouth of the river, but 
this is not the case at Delfzyl, On the contrary, the range of ths 
tide is less in the months with iee. Probably both V and E are 
incl'eased, but E more than V, and therefore the range is smaller 
aud half-tide eonsidera~ly higher, the mean sea-Ievel is less inereased 
than ha]f·tide and hen ce the difference A is smaller. 

The heigbts at 2 anel 8 o'clock in the montbs January 1891 and 
February 1895, whell there was much iee, give also eorresponding 
results. 

In the following tabla are giveü the values A, the eorrections and 
the remaining differences1 for thc 5 months in which A is a maxi· 
mum, tbe 5 months in which A is a minimum, the months with 
iee ana two othel' months in whieh the error or the remaining diffe:. 
rouce is greater thall 15 mmo 

14* 
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Month 

April 1884. 

May 1886. 

April 1888. 

April 1889. 

May 1889 

October 1884. 

Decem ber 1884. 

February 1889. 

J anuary j 890. 

OLtober 1890 

Janunry 1885. 

E'ehruary 1886. 

March 1886. 

FebrualY 1888. 

March 1888. 

December 1890. 

February 1890. 

December 1888. 

Value 

.d. 

220 

229 

2255 

I 148 

158 

158 

160 

149 

178 

188& 

186 

164 

183 

167 

( 194 ) 

Correction for 

Tide-
Z. 

range. 

Maximum values of A. 

9 

9 

10 

95 

10 

10 

lOG 

Minimum valne of A. 

-5 

-5 

-}5 

Months with ice 

-1 

4 

05 

-]5 

-1 

-7 

-23 

-15 

-205 

-155 

-25 

12 

15' 

10 

21 
\ 

Time of 

the year. 

7 

7 

_25 

_95 

-7 

_2& 

-9' 

-7 

-7 

M"onths with differences greater than 15 mmo 

189 \ 0
6 j 23

6 
-7 

1996 _25 _56 _95 

Remaining 

Dilference . 

2 

5 

_}45 

-6 

-4 

-3 

--15 

-16G 

-19 

-Hl 

-36 

_166 

_306 

-21 

24 

From this it appears t.hat thf3 corrections and the errors are 
positiye in the I1JOn1hs with maximum values of A, neglltÎYe in those 
with minimum vaIues. We filld cODcerning- Febl'uary 1890 that there 
/lIso has been lCe during a pOl'tion of this month, that the mean 
height was lowcst of all months and that as low water oecurred on 
the 28th a few minutes before midnight, it had to be considered as 
occurrillg in Mareh. Thc great negative àiffere~ce can pl'obably bo 
eXplained by these circumstances. 
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H, E DE BRUYN: On the Relation of the mean Sea·level and the Height of Half·Tide. 

Tzaeatyve at Delfzijl (Sprz'ng-tz'rie). I. 
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H. E. DE BRUYN: On the Relation of the mean Sea-Ievel and the Height of Half.Tide. 

Tidecurve at Delfzijl (Neap'-tz'de). 
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'rhc remaining differences for all months are given in the following 
tabie, in which half mmo have been neglected; the months with 
iee are underlined. 

Month 1188411885 1886 1887 1888 1889 1890 

I 
January 

I 
11 -17 11 5 -2 -13 -3 -

February I 9 12i~ -7 -36 -4 -21 -March 6 -13 -19 2 -16 -3 -1 
-

4' 
- -

April -0 0 -8 2 U -7 
I I 

May I -3 I 1 3 -3 2 5 0 
I ! 

June I 
-1: -11 -1 -0 --1 -8 -3 , 

I 

41 July -4 -3 1 7 3 -6 
August 5 ! 3 -5 -1 4 11 6 

1 

3 1 September 0 -4 12 -2 -12 -1 
October -14 5 0, -2 2 6 -15 , 

November I -6 I -2 7 14 -9 3 3 
December -61, 3 12 14 24 0 -30 -
The mean error of the sea-level fol' all "montbs, those with ice 

exeepted, is 6,0 mm. 1 computed this mean error also on the sup
position that thc second correction is 1/20 or 1/30 of V + E + 130. 
'fhe mean error was found to be respectively 6,3 and 1},1 mmo 
When the vaIue of Z is deduced f!'Om the heights at 2 and. 8 o'clock 
and a mean correction 1/4 (height at 5 + height at 11 - height at 
8 - height at 2) is applied, the mean error of Z has heen found to 
be 8,8 mm. It seems thercfore that the decluction of Z from th~ 
height at half-ti de gives more exact values, tllan the deduction from 
the heights at 2 and 8 o'clock. 

Renee the value A for Delfzyl, after applying the above-mentioned 
corrections, the sun's longitude being cp and the correction for the 
presence of iee Y, is: 

A = Z _1/2(V +E) = 193 + l/lö (V-E - 2750) 

- 1/25 (V + E + 130) + al COB (rp-r) + Y, 

r being a cOl1st~nt angle. 

Ol': A, = 5 + 2/75 V - %5 e + al C08 (cp-r) + Y. 
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Partly neglecting the variatioml of the fllonthly tide-ranges in 
different years, which are at a maximum 120 mmo and give 
only a maximum error of 3 mmo in the value of A, we can put 
2/75 X 2750 + a2 cos (cp-r2) instead of 2/75 V - %5 E mmo 

The formula then becomes: 

A = 78 - 0,08 E + a3 cos (cp - rs) + Y. 

The errors calcul8,ted from this formula do not differ much from 
the above-mentioned, for now the mean error is 6,4 mmo and the 
formula is therefol'e as exact, while the computation is much ml)re 
easily carried out. 

In conclusion I will add the following remarks. 
First I should mention that I found some errors in the tables 

containing tbe observed height of the sea-level at Delfzyl during tbe 
months in which the greatest differences occurred and in those of 
two other tide-gauges during five months. For instanee at Delfzyl I 
found a mOllth in which one height had been read from the half 
hour-mark instead of the hour-mark, and also one reading with a 
wrong sign. Aftel' making the correction the great divergence was 
very much reduced. Although this is no proof, we may suppose that 
the greatest differences very neal'ly give the limit of precision. 

Furtber I notice that the second correction mentioned above doE's 
not ag'l'ee with the principle on which the method of harmonie 
analysis is founded, so that this method cannot give exact results 
in the reductioll of the observations at Delfzyl. Still, I do not affirm 
that any other is bettel'. 

This want of agreemeut IA demonstratecl by the term 0,08 E in the 
preceding formula. For the same month in two different years 
(February 1889 and 1890) the difference of the two values of E is 
583 mm., so that 0,08 E = 47 mm., and although this difference 
would not be of much importance for a single observation, it is far 
too great for an error of the monthly mean. 

Mathematics. - Prof. JAN DE VRIES reads for Prof. L. GEGEN

BAUE'R at Vienna a paper entitled: "New theo1'ems on the 
v 

roots of the functions G (x)". 
n 

Up to this moment we know of the roots of the coefficients 

d (.c) of the development of (1 - 2 a + a2)-V accordil1g to ascending 
I1 

powers of a only this, that they are all real and unequal, are situated 


