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el1l'ves a negaiive elefleclion, becOlnes in the later ones 'a positive 
deflection. The lattel', on furthel' lengthening of the dura,tioll of light, 
gradnaIly inereases in size. In the conflict between l1Ggative anel 
positive c1eflections, thel'e is sometimes seen an upward mo\'cment, 
which is immecliately prececlec1 by a small c10wnwarel one. 

Of the val'ious pal'ticnlaritiei'i \'\ hieh occur in the course of the 
experiments we shall only bl'iefly mention the latent pel'ioel. The 
duration of this pel'ioel is clepenelent to sa high a clcgree upon the 
intensity of the illumination, that it is possib1e to same extent to juelge 
of the inteusities of light used uy pl'evious observel's from the latent 
pel'iods recorded by them. WUh very weak lighting thel'e appeal' 
latent pedoels of the secOlld substance which may exceecl two seconds. 

In opposition to GOTen anel GARî'EN WALLER 1) a1so mentions 
h1.tent periods as large in amount as we have observecl anel olhel'& 
lllllCh bl'ger, but a,s W.\.lJLER in his expel'iments made use of t1. slow 
TlIOllISON galvanometer, there l'emainecl the possibility th at there were 
two opposite farces which at fit'st neutralised one another twd thell 
aftel' t1.J1 inlerval one obtaineel the maslery. The forces assllll1ecl uy 
WALLl!]R agree with our fit'st anel secoml subslances. 

A more detaileel clesrription of out' experimen ts aCCOlll p,tuied by a 
reprod uciion of some of om' eurves will appeal' elsewhel·e.' 

Geophysics. - "The Iwiyld of t/w /Ilean sea-level in the Y vefol'e 
Amsterdam fl'om 1700-1860". Bj' Prof. H. G. VAN DE SANDE 
BAh.IlUYZl!]N. 

OUl' sedion lms been engaged in former yeat·s with an investignlioll 
of the sllbsidence of the land in tbe N etherlands, and it is especinIly 
to Dl'. F. J. Sî'Al\IKAR'l', member of the comlllittee fol' thal invcstigation, 
thai we owe se"eral impol'tnnt communicntions on this snbjeet. 

Twenty yeal's ngo, when calculnting the l'esults of the pl'eci&e 
levelling, 1 made some romputations in order lo c1etermine the 
subsiclence of ihe lnnel bui hnve not pllblishecl ihem. 'rhe illtet'esting 
papel' on lhis subjecl of MI'. RAMAElt, head-engineel', clilec(Ol' of thc 
hyclrogrnphic slll'vey, hns 110W ind ncecl me to l'e-exnlllÏue ll1y former 
notes ancl as they pel'haps lllny contl'iUlllc townl'ds the Sollllion of 
(he problelll, whelhel' the Inncl nnclel' Amslerdnll1 has subsidecl since 

1) AUGU!:.'fUS D. ViT ALLER, Philosoph. Trallsact. ol' [he Hoya] Soc, of LOlllloll, 
Ser. E, vol. Hl3, p. 123, HlOO, 
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1700, 1 iutencl fa pnblish them here as a continnation to the eadier 
l'epol'ts of the "Oomittee fol' the subsidence of the land." 

lVIy resnlt::; have been chiefly derived from the lJeights of the water 
in the Y before Amsterdam, l'ecorded from 1700 to 1860 at each honr 
of the day and at each half hom' during the night in the town's 
tielal station sitnateel at the present tlsh mal'ket near the "Nien we 
Markt." Part of them occur in two communications of STAMKAltT 

(Verslagen en mededeelingen del' Kon. Akad. van Wetenschappen 
Afd. Natuurkunde, 15u deel 1863, p. 59-69 anel 17c deel 1865, 
p, 261-303) and some in STAl\lKART'S posthumous papers in keeping 
of the Academy. 

The way in which these observations were maele is describeel as 
follows by Dr. S'rAlIIKART in his paper in Vol. XVII p. 273. The 
tidal .station was erected abc)ve thE' water; in the wooden floor of 
one of the rooms was a hole through whiclt a gaugiug roel carrying 
a mark of the A.P. (zero of Amsterdam) was plllnged vertically into 
the water so far nntil a notch of tbe rod canght on the wooden 
floor. The height to which the gauging rod was wetteel showeel the 
level of the water with regard to the zero on the g'auge. 

In oreler to draw reliable conclusions about the level of the North
sea on our coast based on the results of the water-level in the Y, it 
is necessary to investigate whether during the period undel' conside
ration variations have orcurred in the influx and tlle outflow of the 
water of the Y before Amsterdam, owing to changes in the depth a11(l 
width of the canals leading from the Northsea to the Y. It is very 
probable that these variations may proelnce opposeel effe cts on the 
high and the low water and hence give rise to greater varÏations 
in the difference between high and low water than in the mean 
sea level. The variations of these ditferences in the succceeling years 
wiH therefore be a g'ood standard of the changes in the canals. 

Fl'om the ticle tables of the town's tielal station we clerive the 
following elitferences between high and low water eluring 58 years. 
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TABLE I. 

====~~~==T===~~~~~r===~-~--~==~====~--~==~ 
DTfference I I Difference I Difference I 1- Difference 

Year b~tween Year I b~tween Year b.etween Year between 
hIgh and hIgh and I hIgh and I I high and 
low water 1 low water low water low water 

1700 
-I 

30lJ mmo 1715 

1701 :\23" 

1702 331 

1703 320" 

170-1, 320" 

1705 312" 

1706 319 

1707 314" 

1708 308 

1709 286;, 

1710 318 

171J 325 

1112 332 

1713 322" 

171,j, 332 

1716 

1717 

1725 

174lJ 

1775 

1796 

1707 

1798 

1799 

1800 

1801 
I 

1802 

1803 

1804 

222 mmo 1805 

29lJ " 

342 " 

327 " 

318 " 

328 " 

318 " 

313 " 

302 " 

287 

'288 

327 H 

321 

284 " 

323 " 

1806 

1807 

1808 

180!) 

1810 

1811 

1812 

1813 

1825 

1843 

1844 

1845 

1846 

303 mmo 1847 

342 " 

345 

331 

327 " 

338 

330 " 

316 " 

::123 

341 " 

325 " 

313 " 

310 " 

328 " 

1848 

1849 

1850 

1851 

1852 

1853 

1~54 

1855 

1856 

1857 

'1858 

1859 

1860 

303mm. 

309 " 

318 " 

322 " 

324 " 

329 11 

31!J " 

320 

287 11 

314 11 

317 " 

295 " 

328 " 

332 11 

If we assume that in each of the 3 periorls of 18 years this 
difference has been constant, we find for it: 

in the 1st pel'iod 1700-1717 319 mmo 

" " " 
" " " 

1796-1813 
184,3-1H60 

318 
316 

" 
" 

The mean error of a yeady menn is then ± 14,8 mmo 
If we suppose that from 1700-1860 the difference bas t'emained 

constant, then the difference derived fl.'om all the 58 years amOllnts 
to 318 mmo and the mean et'ror of a yeady mean to ± 14,.4 mm. 
Therefore we are justitied in assuming that the diffel'ence has remained 
constant· during the whole pel'iod 1700-1860 and was 318 mmo ± 
1,9 mmo 

MOl'eover we del'ive from this table that between 1700 and 1860 
110 perceptible change has occurred in the influx and ontflow of the 
water from the NOl'thsea (0 the Y, 110 1110l'e than in (he l1lean level 
of the NOl'thsea with l'egat,c1 to the mean level of the Y. 

48 
Proceedings Royal Acad. Amsterdam. Vol. X. 



- 5 -

1
11

1" 
1 I 
, 11 

11 1 

111 

j 
' 1 

'I 1 1 

lil I: 
1 

1 1 

i 
\ 

I 

iI 
I 

( 706 ) 

As l1lean level of lhe Y befol'e AmsleL'dl1lll with regärd 10 the 
zero adoptecl in the ticlal slation (zero of AmslerclnlIJ) we slmll aSSUllle 
the half' sum of the high anel Jow waier. 

Fol' the same 58 yeal's we clel'ive for that mean thc following va.lnes. 

TABLE Il. 

I Mean 
I Mean Mean 

I Meall-
Year Sea level Year Sea level Year Sea level Year Sea level 

above A.P. I above A.P. above A.P. above A.P. 

I I 7!Jmm. 1700 - 172mm. 1715 - 166mm. 1805 - '105mm. '1847 -

1701 
" 

169 
" 

1716 
" 

163 
" 

1806 11 GO 
" 

1848 11 102 11 

1702 
" 

148 
" 

1717 
" 

150 11 18C7 11 GO 
" 

J8.10 11 G1 11 

1703 
" 

187 
" 

1725 
" 

'154 11 1808 11 '147 11 1850 11 5:3 11 

1704 
" 

1i6 
" 

1749 
" 

134 
" 

1800 11 112 11 1851 11 GG 11 

1705 
" 

179 
" 

1775 11 89 11 1810 11 90 11 1852 11 39 
" 

1706 
" 

199 
" 

'J796 
" 

8.1 
" 

1811 11 99 11 1853 !! 7G 
" 

1707 
" 

lGO 
" 

1797 !! 115 !! 1812 11 103 !! 1854 !! 12 !! 

1708 
" 

153 
" 

li98 
" 

96 !! 1813 11 1'14 !! 1835 11 70 11 

1709 " 
193 

" 
1799 !! 136 !! 1825 !! 51 !! 18~6 !! 48 !! 

1710 
" 

167 
" 

1800 !! 
131{ !! 1843 !! 20 11 18ö7 !! 101 

" 
1711 

" 
144 

" 
1801 

" 
55 " 

1844 !! J5 
" 

1858 !! 9G !! 

1712 
" 

126 
" 

'1802 !! 123 !! 1845 !! 34 !! 1859 !! 01 !! 

1713 
" 

H9 
" 

1803 
" 

132 
" 

1816 !! 40 !! 18GO !! 771 !! 

1714 
" 

106 
" 

1804 
" 

02 !! 

I I 

These vallles show t1mt thc ll1etUl Ren, levcl has nol t'ellHl,iJled 
unchangecl with regat'd to Ihe acloplecl zel'O 01' AlllbtOl'dnm. rfhis 
becollles still mOl'e evident if we fOl'll1 the means of Ihe 3 pel'iodE. 
of 18 yeal's. We then obtain: 

1708,5 -160,3111m. ± 5,9 mmo 

1725 -154 
" 

± 25,1 
" 

1749 --134 
" 

± 25,1 
" 

1775 - 89 
" 

± 25,1 
" 

. 1804:,5 -104 
" 

± 5,9 
" 

1825 51 " 
± 25,1 

" 
1851,5 61 

" 
± 5,9 

" 
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If ~e snppose th at düring each of the pel'ioels of 18 yem~b tlle 
mean sea level lms l'emained lInchanged we eleri\'e from the c1eviations 
of the yearly means fl'om the mean of 18 yeat·s a mean error for 
each year of ± 25,1 mmo anel in the met'tn of 18 yearR a mean 
error of' ± 5,9 mmo 

If on the contral'y we suppose tbai dming each of the periods of 
18 years the mean sea level with l'egarcl Lo the acloptecl Amsterdam 
zero bas vaL'Ïecl proportionally to the time, ,ve geL 1'01' the mean 
error of the yeady mean ± 24,3 mmo anel fol' the yearly variations: 

from 

" 
" 

1700-1717 + 1,57 mmo + 1,10 

1796-1813 + 0,14 " + 1,10 
J 843-1860 - 2,30 " + 1,10 

mmo 

" 
" 

Hellce in the 11-t anel 2nc1 periods, in agreement with the general 
variation of the m~an sea levels from 1700-1826, the mean sea 
level has apparently come nem'er to the adopted A.P., but has retil'ed 
thence in the 3c1 period in agreement with the variation fi'om 1825-
1851,5. Nevertbeless the mean errors of each of these yearly variations, 
+ 1,10 mm., are so large with regarel to the variations themselves, 
that we attach only a very small weight tu the values founcl; only 
to the yearly val'iation in the 3d perioel, more than twice the value 
of' the meall error, we may attach a somevdlat larger weight. If 
we aelopt a nniform yearly variation between the years :1708,5 anel 
1804,5, this would amount to 0.58 mm.; in gooel harmony with 
this are tbe results fo!' 1725 anel 1749, but the result for 1775 
shows a eleviation of 32 mmo 

We conclude that the elevation of the aelopteel A.P. above the 
mean sea level has graelually va,rieel anel that (he variations can be 
considereel as partly p1'oportional to time; they rannot howe\'e1' 
be eleriveel exactly from the observations. 

The elevation of the A.P. in th~ tielal station above the mean sea 
level in the first and the last year of the series of obsel'vations, 1700 
anel 1860, are accoreling to table II 162 mmo anel 75 mmo each 
with a mean error of ± 25 mmo In order to obtain for these 
elevation val nes with a smaller mean enol', we may nse, upon snppo
sition that no suddeÎl val'iations have taken pI ace in the zero of' the 
gauging rod, the elevation observeel in closely preceding or following 
years, which must be reeluceel to the year 1700 Ol' to 1860 with an 
adopted yearly variation. Becanse the yearly val'iation is not known wiih 
great }Jl'ecision, as appeal'ed above, it is desirabIe that these years 
ShOllld not be at a great c1istance from 1700 ULO 1'1'01111860 ; thel'efore 

48*' 
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I have confined myself to tlle mean of the .) years 1700-1704 anel 
1856-1860. To these means we must adel the variations clul'ing a 
period of two years, whieh at:~ probably smaller t.han 3 mmo and 
5 mmo the values whieh would follow from the pedoels of 18 
years; instead of these I aclopt 1 mmo anel 4 mmo and eonsequently: 

adopted A.P. above mean sea level in 1700 = 164+1 = 165 mm. 

" 
A.P. 

" " " " ,,1860= 76 +'* = 80 " 

For the mean error of these values I have derived ± '12 mul. 
As yet it l'emains undecided whether the val'iation from 165 mmo 

to 80 mmo is due to a slow variation in the mean level of the NOl'th 
sea on OUl' eoast, Ol' to a variation of the adopteel A P. in the tielal 
station either eaused by the sinking of the whole station or of the wooelen 
fIoor, or by accielental or perhaps intentional ehangos in the height 
of the A.P. on the gauging rad which dUl'ing the pedoel from 1700 to 
1860 has eertainly been renewed several times. 

Some data towards the solution of this dilemma may be bOl'l'owed 
from the elevations of the bencI! marks iJl the 5 sluices: Oude 
Haarlemmersluis, Nieuwebrugsluis, Kraanslllis, Westindischesluis and 
Kolksluis; these beneh marks have been esiablislled in 1682, allel 
consist of groo\'es cut in stones indicating the elevation of the A.P. 
The good mutual agreement between the heights of the grooves in tlle 
yeal' 11)75 whieh appeal'ed from the Jevelling made by OUl' membel' 
Dr. LELY (the largest diffel'ence bet ween the111 amounted to only 
8 mm.) proves that those grooves haye been placed with the greatest 
care, and makes us confident t.hat in 1700, when the {iJ'st observations 
in the tidal station were made, tlle zero on tbe gauging rod agl'eed 
well with that on the stones placed in the slnices some yeal's eaL'lier. 

We aro therefore entitled to ~ssume with a high degree of probability 
that in 1700 the A.P. on the 5 sillicos was 165 mm. above tlle mean 
level of the Y. 

In 1860 STA~IKAl{'l' by a levclIing- IHtS compal'ed the height of Uw 
A,P. in tlle tidal station at tlmt time with the heights of 1\VO bench 
marks in the towe1' of the St. Anthoniewaag. He found : 

Jowel' bench mark 3208,4 mmo above A.P. in the tidaJ station 

higher" " 3705,4 mmo " """ " " 

In the same year Dl'. S'I'Al\lKAlt'l' ttnd ~dl'. V. D. S'l'lmR have also 
determinecl by lueans of leveIling tho diffel'ellCC in height belween the 
higher bench mark in the St. Anthoniewaa,g and the gl'oo\'es_ in the 
5 sluices (Ve1'sl. en meclecl. XVII p, 277-284-). Fl'om these obsel'vu-
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tions we derive th~ f9110wing vallles fol' the height of the higher 
bench mark above tbe A.P. according to the mean of the 5 slllices 
In 1860: 

STAl\IKART 

3628 mmo 

V. D. STJ<1RR 

3624 mmo 

mean 

3627 mmo 

ln the clerivation of the mean vallle we have, with regard to the 
mean errors, arcorded a grenter weig'hl to STA"M){AHT'S result. 

ln 1875 om colleague Dl'. LELY by meallS of a still preciser le"el
ling lUlder dil'ection' of Com~N STUAHT has derived 3622 mmo fol' 
the same difference in height. 

The c1ifferences betwflen the l'eslllts of 1860 and those of 1875 
may be explainecl very weIl b.)' errors of observation, so that we 
may accept with a high deg1'ce of acclll'acy thaI the bench mark 
in the St. Anthoniewaag bet"i'een 1860 and 1875 has uot variecl 
wiih regarcl to the 5 slnices and that in 1860 the height of tbe 
mark above the A.P. of tbe slnices was 3623 \lun. with a mean 
crror of ± 2 mm. 

If from tl1is "nlne we subtract 3705, i. e. the height of the mark 
above the A.P. in the ticlal station founcl by Dl'. STAMKAHT in 1860 
we find: 

heigbt of tile A.P. according to the mean of tile 5 sluices above 
the A.P. in the tidal station in 1860 = 82 mm. 

The mean error of this reslllt is abont ± 3 mmo 
As in 18fiO the height of the A.P. in the tidal station was elevated 

80 mm. above the mean level of the Y, it follows th at in 1860 the 
A.P. derived frol11 the mean of the 5 sluices above the mean sea 
level is: 

80 + 82 = 162 111111. ± 13 mm. 

If we compare this -value with the cOl'l'esponding value of the 
year 1700, i. e. 165, we may conclude that the height of the meau 
sea level in the Y, and hel1ce the mean level of the Northsea on 
OUt' coast has not pe1'ceptibly val'ied with 1'egal'd to the g1'ound 
in which the foundations of the 5 slllices are built. 

Tbe uncertainty of this conclllsion may be expL'essed by a mean 
er1'01' of ± 18 mmo 

The 5 slllices are not in close neighbourhood of each othe1', the 
ext1'ellle Olles are separated by a c1istance of one kilometre; hence it i~ 
ove1' a fairly ex.tensive part of the gl'ound on which Amsterdam is built 
thaI, the level of the land with rega1'd to the level of the Northsea 
ha.s l'emained unchanged duL'Ïng more titan one century and a half. 

Wilh the same degt'ee of pl'obability with which we have del'ived 



- 9 -

( 710 ) 

this invariability we may deIive from the observations the subsider 
of the A.P. in the iidn.l station with regard to t11e A.P. derived fi'c 
the marks in the 5 sillices, iIlnollnLing to 165-80 = 85 mmo betwe 
1700 and 1860. 

The method by which the height of the water in the tidal statil 
was obtained and the possible canses of the sl1bsidence of the zero on t 
rod aàded to the in variability of tile 5 grooves in the sluices and henee 
a fairly large part of the ground of Amsterdam with l'egard 
the sea, rendel' the idea very probable that this snbsidence has a pu 
loeal character aud that we are 110t elltitled to derivc any l'esults wi 
regm'd to tile snbsidence of a lal'gel' part of the gl'ol1nd of Amsterdm 

1t has of ten been asked wh at the Amstcrdam zero l'epreSen1 
Our colleagl1e Dl'. VAN DmSEN has devoteJ to th is subject ~ 

intet'esting study in which he has ga,thered ti'om oId docl1men 
evel'ything whieh may help us to find how th is zero has be{ 
established. With eel'tainty nothing can be derived from it. Bi 
the obser\'ations show: 1 that in 1700 the A.P. was 165 mmo : 
12 mm. above the mean sea level in tlJe Y, 2 that the height of il 

318 
mean high water was 2 = 159 mm. ± 1 mm. auove the same men 

sea level, and we coneinde thenec that both in j 700 and 1860 tb 
A.P. within t11e limits of the e1'1'01'S of obsel'vatiol1 agreed with tb 
mean high water in the Y. 

Astronomy. - "On the masses ancl elements oJ Jupiter's satellite, 
ancl the mass of the system, (continued), by Dr. W. DE SITTEJ 

(Oonllnunicated by Prof. J. O. KAPTEYN). 

Ill. The great ineqzlalities. 
The values of these, derived from the heliometer-obsel'vat.ions ( 

1891, 1901 and 1902, have been collectecl in Table lIl, togethe 
TABLE lIl. GREAT INEQUALITIES. 

I Authority 
I Xl I 

X 2 
I 

XJ 

I 

I 0~509 ± 0~018 . . I 0 • 1891 1'021 ± u 013 0'0~)9 _ ± 0 007 

I 1901 0'481 ± 47 1'089 ± RO 0'040 ± 20 

'1902 0372 ± 34 '1'171 ± 19 0'034 ± 12 

DAMOISEAU 0'455 '1'074 0'073 

SOUILLART)S theory 0'432 I'Wû 0'0133 
I 

Masses CC) 0430 ± '020 0'988 ± ·on () Uû4 ± 003 


