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n-rays should be promoted to o~jective truth, our hypothesis would 
receive a direct experimental support. 

At all events, the above has demonstrated that the prineipal mea
surable phenomena, noticed in the enzyme action are in harIDony 
with our hypo thesis. -

Meteorology. - "On a twenty-six-day period in daily means ol 
the barometric height." By Dr. J. P. VAN DER STOK. 

1. A few years ago 1) Prof. A. SCHUS'l'ER investigated the problem, 
how to detect tbe presence of a periodical oscillation, the amplitude 
of which is small in comparison with large superposed fluctuations 
which may be considered as fortuitOlls with respect to the purely 
periodieal motion. 

Starting from an analogy whieh may be seen between this question 
and the problem of disturbances by vibrations in the aether - a 
problem treated lIy Lord RAYLEIGH 2) in 1880 - Prof. SeHusTER has 
endeavoured to apply the theory of probability to the determination 
of the first couple of coeffieients of a FOURIER series, and the method 
he arrives -at, and strongly advocates, is applied to records of 
magnetic declination obset'ved at Greenwich during a period of 
25 years. 

The choice of this material, in Prof. SCHUSTER'S opinion not favour
able for the discovery of smaH eifects, is justified by the remark 
that "the only real pieces of evidence so far (1899) prodnced in 
favour of a period approximately coincident with that of solar 
rotation were deri ved fi'om magnetic declination and the occurrence 
of tlmnderstorms." 

In this and~ in an earlier paper a) the author emphasizes th at, in 
inquiries of this kind, it is not at all sufficient-to come to some 
result, but that it is necessary to apply areliabie criterion by 
which a judgment may. be formed about the value to be attached 
to the result arrived at. 

Ris mathematical investigation, ho wever, does not, lead to an out
come which in every respect can be regarded as satisfactol'Y, in so fal' 
tllat a method of determining the mean and probable error of the 
result ti'om the series of observations themselves is not givell and, , 

1) Trans. Cambr. Phil. Soc. Vol. XVIII. 1899. 
2) Phi!. Mag. Vol. X. 1I, 1880. 
3) Tel'l'estriaI Magnetism Vol. lIl, 1898. 
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as a surrogate, the author suggests the repeated rearrangement of 
the records accol'oing to different pel'iods, not much differing from 
the period in question. Thus, in a purely empirical way ("by trial"), 
a standard may be obtained by which a correct estimate can be 
formed in how far the outcome arrived at must be considered as 
a merely accidentalone. 

Now the same pl!oblem was treated somp 15 years ago 1) by the 
author of this paper aftel' a different method, applied not only to 
magnetical but as weU to meteorologicaI data of different description, 
and Prof. SCHUSTER'S important investigation gives a ready occasion 
for taking this problem in hand again. 

It is onIy natural to choose in the first place for this inquiry the 
series of barometric observations made at Batavia which now extends 
over a period of 36 years (1866-1901). 

An investigation into a possibJe synchronism between the frequency 
of sunspots and atmosphel'ic temperature, commenced in 1873 ') and 
recently conducted up to date 3), gives some ground to the expectation 
that, fol' inquil'ies of this kind, obsel'vations made at tropical stations 
are of more value than those made in l'egions where the atmospheric 
disturbances are sueh as experienced in higher latitudes. 

In the second place it seems desirabie to look for a shorter way 
for coming fo a reliable criterion than the tedious process of the 
caleulation of SCHUSTER'S periodograph. 

2. An arrangement of quantities according to a given period T 
may be executed by measuring out the successive data from a point 
o taken as origin and along straight lines drawn thl'ough this point 

23r 
at equal angulal' distances T' 

If we assume the unity of mass attached to the ends of those 
radii, it is evident that a judgment may be formed about the degree 
of symmetry in the distribution of the masses with respect to point 
0, by simply calculating the average vallle of all these vectors, or 
in othel' words to determine the situation of the centre of parallel 

, forces supposed acting on the masses. 
If the quantities T show a weIl mal'ked periodieity as e.g. tidal 

1) Observ. Magn. Meleor. Observ. Balavia. X, 1888, Appeud. II aIso Natuurk. 
Tijdschr. XLVIII. 1889. 

Verh. Kon. Akad. v. Wel. AmsteI·dam. XXVIII, 1890. 
2) KÖPPEN. Zeitschr. Oestcl'r. Gesellsch. f, Meleof. VIII, 1873. 
~) C. NOftDMANN. Essai sur Ie röle des ondes Hertziennes and: Astron, Phys. et 

sur diverses questions qui s'y rattachent, Thèse, Paris, 1903. 

2* 
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observations do, it wi1l be posslble to draw a line through 0 in such 
a manner, that on the one side all the vectol'S are greater than the 
corresponding opposite vectors on the other &ide of the line. 

If, therefo1'e, we ar1'ange in thi& way a great number of qualltities 
which show tt slight tendency to asymmetry, the radial momentum 
will steadily increase, as the mas::, concentrated in the centre of 
parallel forces is equal to the total number of obse1'vations, whilst 
the distl'ibution of aeciden tal quantities will tend to a symmetrical 
dist1'ibution. 

Assuming two rectangu]a1' axes gomg through 0, we find for the 
coordinates, by which the cenh'e of g1'avity is determined, ..I..V being 
the number of observations : 

1 
.'!!] = - :2 Q cos () 

N 
(1) 

The calculation, the1'efore, comes to the same as the dete1'mination 
of the first couple of FOURIER C'oefficients: 

(2) 

and, if the periodical movement is represented by the expression : 

A cos (nt - C). 

23t' 
n=-

T 
(3) 

'I'his way of rep1'esenting the arrangement seems preferabIe to the 
development in a FOURIER series: firstly because the development of 
a function in a series, as a representation of the fllnction, derives 
its value fi'om the composition of a great nnmber of terms, so that, 
in calculating one term only, we are hardly justified in speaking of 
a Fourierisation of the function. 

In the second place, because by this way It becomes at on ce 
evident that the problem is fully equivalent to that of the determin
ation of a point in a plane by means of a great many inaccurate 
observations. 

This probJem has been treated by several mathematicians, but 
certainly in the most complete manner by t11e late Prof. SCHOLS 1), 
whose original conception of t11e question leads to the detection of 
some laws, which are independent of the assumption of any law 

1) Over de theorie der louten in de ruimte en in het platte vlak, Amsterdam, 
Verh. K. Akad. v. Wet 1 e Se ct. XV, 1875, and: Théorie des erreurs dans Ie plan 
et dans l'espace, Delft, Ann. lI, 1886. 
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of errors and to a remarkable analogy between this problem and 
that of the moments of inertia in dynan'lics. 

If wc take ll, the llllmber of observations, equal to unity, the 
l'elative ti'equency of the ends Ol' representative points of the vectors 
may be representcd by the density of these points pel' unity of 
sUl'face. This function of probabllity is called by SCHOLS "the module", 
the "speeifir probability" or the "facilité de l' erreur". 

We thus obtain a merhaniral image of a surface of probability, 
the density of whieh will, in general, be a fUlletion of the Iength 
and direction of the vectors. 

The determination of what SCHOLS caUs the constant part of the 
error - the probability of w hich is l-l = 1 - is identical with the 
determination of the situation of the centl'e of gra.vity, and the 
eaiculation of the mean (not average) error: 

lu=V::E(/ 
N 

with that of the moment of inertia, which leads to the detel'mination 
of two (in the plane) prinripal axes of inertia, which, in our case, 
may be ealled axes of probability. 

Assumiug that these errors in the pIane are due to the eooperation 
of a great number of elementary errors, SCHOLS has proved that the 
prQjeetions of the errors on an al'bitrary axis follow the exponential 
law of errors in a line and that the law of the resulting error eau 
be t'ound hy supposing the error to originate in the coineidenee of 
pl'o,jections. of the error upon the axes of probabihty, these pro,jec
tions being regarded as independent of each othe1'. 

The application of this theory to our case ran be redured to very 
simple ealculations. 

Errors arising ii'om mdividual or instl'umental causes are always 
tlistribnted in a more Ol' less systemaheal way, but there is no 
reason to su ppose t hat the flnctnations e.g. of baromeü'ic heights 
within an arbitl'ary lel1gth of time, and elen,red from their constant 
part, will show any tendeney to systematic distrilmtion when arranged 
around a point in the way described above. 

SCHOLS' specifie probability of an error in the plane is given by 
the expression: 

23rJ,lxMy 
, . (4) 

ih whieh aJ and. y are the eoordinates of the error (polar coord. (! and 8) 
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and J.1L and J.",,-, denote the principal axes of pl'obability, so that: 

},If2 = lIIx2 + Mi = Ma'}, + },Ifb2
• 

The mean error, therefore, can be calculated without any knowledge 
of the situation of the principal axes, when the mean error of the 
components relative to al'bitral'y rectangular axes is known. 

If F is independent of () : 

or, putting: 

M 
M:&=My= V2 

lt2 

F = - e-112p2. • • • • • • • • (5) 
11: 

The specitic probability of an error, independent of the direction, is: 
2,. 

lt
2 r ",J (! e-h2p2 dq; = 2 lt2 'I e-h2p2. • • • • • (6) 

o 

From this it appears that the probability of an error zero is not, 
as in the case of linear errors, a maximum, but a minimum, that 
the curve of the spec. prob. (6) (given in SCHOLS' paper) shews a 
maximum for the value of 'I: 

1 1 
Qrn = 1 V = - M V2 . . . . . . . (7) 

ft 2 2 

and, also, that the computation of the probable error will lead fo a 
coefficient of lI-I considerably different from that found for linear errors. 

We have then to ask tOl' wh at value l' of 'I : 

" 
2 lt 2 JQ e-112p2 dQ = ~ 

o 

'1' = 0.83256 M. . . . . . . . . (8) 

This value of the coefficient of the probable error, considerably 
gl'eater than is found for linear errors, 0.6745, clearly shows that 
and to what degree results, obtained in in vestigations of this kind, have 
to be put to an unusual severe test, and al80 that there is some 
reaSOI1 to adhere to the use of the probable error, which of late 
years has been somewhat neglected. 

A l'ednction of the mean error has no sen se if this l'eduction is 
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always in the same proportion, but it becomes important if this 
proportion depends on the nature of the problem. 

If the distribution of errors is not independent of the direction, 
the coefficient of M is determined by the quantity: 

Mi-My2 
N= MX2+M/ 

The coefficient of the probable error, for which SCHOLS gives tlle 
approximate vaIue: 

l' = 0.8326 - 0.1581 N'. . . . . . . (9) 

is a maximum for errors independent of the direction and a minimum 
for linear errors, when N = 1. 

By the assumption, therefore, til at all directions are equally probable 
tlle most unfavourable case is chosen, whicll, in doubtful cases, is, 
of course, the safest way of forming a judgment. 

Whether the operations, which are to be applied to the data, are 
considered as a deter~ination of the first couple of constants of a 
J!'OURIER series (the very first, t bo, is left out of consideration), Ol' as 
a çalculation of the average or most probable position of tlle end
points. of the vectors, Ol' as a determination of the situation of the 
centre of gravity - in all cases the l'esult is a quantity determined 
by two coordinates and the operations we have to perform are: 

1 stly. to ::ieparate the constant part; 
2nd1y. if ne('essary to determine the situation of the axes of 

pl'obability; 
3rd1y. to calculate the mean and probabie error, in this ('ase bettel' 

called incertitude. 
The same method can, of course, be applied to groups ofperiods, 

which gives a e'onsiderable saving of labour, but also leaves some 
want of clearness in the l'esult. 

3. The investigation of the series of daily means of barometI'ic 
observations made at Batavia has been conducted in the same m~nner 
as it was commenccd in 1888. The arrangement has been performed 
according to a period of 25.8 days, mld gl'OUpS of 30 rows have 
been taken togethel' so that, out of the 510 pel'iods, 17 groups have 
been fOl'med. 

The result of this operation is given in 'fabie I. 
If, therefore, an oscillation, periodie' in 25.8 days, l'eally exists, 

its amplitude is not more than: 

1.66 0055 
30 =. mmo 
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TABI,E 1. 

AmpIitUd·,r,m.nL Component,. Dilferenées. 

I bI 1--':': I .d I C al !::"b 

, 
7/!m, m7/!. mm, til7/!. I 7/!m. 

1 0.69 2420 -0.32 I -0.61 -0.86 ! 0.96 , , 

I 
1 

2 7.63 287 0 2.17 
I 

-7.32 1.63 -5.75 

3 3.45 2850 o 87 
\ 

-3.34 0.33 I -1.77 
1 

4 3.14 680 1.16 1 2.91 0.62 I 448 

5 1.52 2150 -1.24 -088 -1.78 0.69 

6 2.08 2040 -1.90 -0.84 -2.44 0.73 

7 4.52 3450 4.38 '-1.'14 3.84 0.43 

8 1.21 1040 -0.30 1.17 -0.84 2,74 

9 1.78 2700 0.01 -1.78 -0.53 -0.21 

10 6.31 3180 4.71 -4.20 4.17 -2.63 

11 5.00 19lo -4.86 -1.17 -5.40 OAO 

12 3.25 2û(j0 -0.20 '-3.24 -0.74 -1.67 

'13 6.00 2550 -1.54. -5.80 -2.08 -4.23 

'14 2.'18 3170 1.59 -1.49 1.03 0.08 

I 
-3.23 -0.84 

I 
15 3.3!~ Hl5° -'&.77 0.73 

16 2.60 830 0.34 2.57 -0.20 4.14 I 
17 7 .. 62 I 3540 7 58 ·-0.76 7.04 0.81 

I 

1 

Mean 1. 6r. 
I 

2890 0.54 -1.57 i 
1 

By subtracting t.his restant, whieh has to be l'egal'ded as a constant 
part, fi'om the corresponding viLlues, t he diffel'ences exhibiteu in the 
last columns hiLve been found, wbich aJ'e to be regal'ded as fortuitous 
distul'bances. 

4. The value to be aftached to the l'esult mal' be estimated in 
different ways, 

The first and most simple malll1el' is to split up the series into 
two or more gl'OUps. Fl'om the data given in Table I we easily find: 
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Number of 

A 0 periods. 

Group 1- 6 1.68 mmo 2740 180 

" 
7-11 1.62 2990 150 

" 
12-17 1.76 296 0 180 

" 
1- 9 1.42 292 0 270 

" 
10-17 1.95 286 0 240 

" 
1-17 1.66 2890 510 

From this it appears tha.t the1'e is eertainly some indication for 
the existence of a pel'iodical oscillation, and aIso that the arrange
ment has been made acco1'ding to a period Which pmctically leads 
to a maximum value- of the amplitude. 

The probabiIity that thl'ee points, taken successively at random, 

( 1)~ are situated within an angula1' space of 30" is 12 and the probability 

of me1'e chance would have been even less if we had taken into 
account that the amplitudes too are in good accordance. 

5. A second, equally simple method is afforded by a direct view 
of the outeome of the arrangement itself, split up into two or more 
gl'OUps. 

Fig. 1 gives a gl'aphical l'epl'esentation of the difti:~l'ences given in 
the three last columns of Tttble 11. 

Fig. 1 shows that tIle curves of the two series agree satisfactorily 
and also that a tendency to a double pel'iod, with a maximum 
on thc 8_9th day, which in the [h'st group is still weIl mal'ked, 
vanishes when the armngement is continued. 

If these l'esults are considel'ed as tairly conclusive, 80 as to ,justifY 
a 1110l'e exact determination of the ICllgth of the pel'iod, this may 
be easily done by varying the al'guments C of TaNe I sueeeR3Îvely 
by I/~ te, 3/2rc, "/2'V etc., .1: denoting the variation of each gl'OUp
argument whirh leads to tlle most constant value of C. 

In this way 17 equations are obtained from which the most 
probable vaIues of C and the period T ean be raIculated. If to each 
equation the weight is given of the cOl'l'esponding atn plitu de, tbe 
equations wilt assume the form: 

0.69 (- 118° + 1/; <'IJ) = 0.69 C 

7.63 ( - 73° + 3/~ te) = 7.63 C etc. 
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TAB L E Il. 

Results ot' the arrangement. Average values, the general mean vulue being subtracted. 

I I I 

-
Three subsequent vi11uestak;n togethel'. 

1 II 1+11 -I I II 
\ 

I+II , 
Number 

I I I of 270 240 510 270 240 510 
Groups. 

mmo mm. mmo mm. mmo mm. 

1 -0.016 0.034 o 036 -0.(H2 0.025 0.014 

2 -0.055 0.047 -0.008 -0.033 0.031 0.006 

3 -0.026 0.012 -0.009 -0025 0.011 -0010 

4- 0.006 -0.028 -0.011 -0.015 -0.016 -0.017 

5 -0.026 -0.033- -0.030 -0016 -0.029 -0.023 

6 -0028 -0.025 -0.028 -0.023 -0.033 -0.029 

7 -0.014 -{J.042 -0.028 -0014 -0.042 -0.028 

8 0.010 -0.060 -0.029 0.001 -0.066 -0.032 

9 0.015 -0.096 -0.038 -0019 -0.086 -0.Q52 

10 -0072 -0.103 -0.088 - 0 052 -0.098 -0.074 

11 -0.098 -0.094 -0097 -0.076 -0.076 ~0.077 

12 -0.059 -0.032 -0.047 -0.068 -0.049 -0.060 

13 -0.047 -0.021 -0.036 -0.037 -0031 -0.035 

14 -0004 -0.041 -0022 -0.014 -0025 -0.020 

15 0009 -0.013 -0.003 I -0.011 -0.010 -0.011 

1G -0.037 0.024 -0.009 -0010 0.024 0.00;') 
\ 

17 -0.001 0.061 0.027 o.o:m 0.047 U.024 

18 0.054 0.058 0.055 0.0-i0 0.050 0043 

19 0.067 0.031 0.049 0.064 0.052 0.057 

20 0.071 0.069 0.069 0.0:->9 0.06:3 0.e60 

21 0.039 0.091 0.062 O.O.f.Û 0.080 0.001 

22 0.029 0079 0.051 0.034 0.081 0.055 

23 o 035 0.074 0.052 0.036 0.064 0.048 

24 0.046 0.038 0.04'1 o 053 0.030 0.041 

25 0.077 -0.024 0.028 o 053 0003 0.028 

26 0.036 -0.006 0.015 o 032 0.001 0.02f\ 

Maan 0.097 0.103 0.097 
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Fig. 1. 
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As might have been expected the result of this calculation shews 
littie or no diffel'ence from thn.t of the arrangement itself. 

J] = -1°,09 C= 291° T= 25.803d• 

As one, day cOl'l'esponds to a6oo/~$'s, a variation of J] degl'ees for 
each group is equivalent to: 

1.09 . 258 = 0.003d• 
30 3600 

6. By applicatiol1 of the method dis('ussed in § 2 to the differ
ences 6(t and 6 b of Table I we find: 

:2 M~x = 145.05 :2 M~y = 212.02 :2 M~xy = - 12.44. 
From the weU knowl1 fOl'mula: 

2MIX 
tang 2 tp = ,1/....... (10) 

-M~:J.-jJI/~y 

for the situation of' the principal axes of' inertia, deduced from the 
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conclition that, when the axes of coordinates coincide with the 
principal axes, tbe moment of deviation Ol' centrifugal force Jf2ay 
will vanisb, we find: 

and furthel' 
jfx~ = 6.45 J.tly~ = 8.72 N= 0.15 

and from tormula (9) 
r = 0.829. 

It appears, therefore, that, in this case, all directions -of the 
accid en tal quantities are equally probable, so that we are fully 
justified in putting: 

l' = 0.833. 

The mean and the probable error for each group are then : 

M = 3.8Ç1 W = 3.24 

and the fin al resnlt fol' each gl'oup: 

1.76 mM.. probable error 0.810 

aud for each 1'ow: 

0.055 mMo . . . probable error 0.027 

so that the probable incertitude of tbe final olltcorne amounts,to 
almost exactly half the amplitude. 

7. The question mayalso be put, what will happen if the 
u,l'gnments of Table I are varied in su('h a manne1', that the varia
tions are equivalent to arl'angements accol'dillg to othe1' pe1'iods 
slightly different from 25.8 days. 

The amount of the variation is limited by the llumbel' of rows 
taken togetbel' in one gl'OUp, whirh cau be shifted only fiS fi whoIe, 
alld the vfil'Ïation ceases to hfive ally sens~ us soon as the sums of 
each group would be sensibly fiffected by the fictnal arrangement 
accordillg to the new period. 

If qnantities, periodica1 within a Jength ot' time 1', are al'ranged 
accol'ding . to a period 1" in 111 ('01u111ns, the va111e at the origiu of 
time being l'epresented by: 

A C08 C, 

t.he record to be ins~l'Îbed in the ttl\ column of the 2)~h l'OW (t and i) 
counted from nought) will be: 

A cos (231:' .; _ C + 231:' P n,) 
m n n 

2.1l' 231:' 
n=- n'=-

T T' 
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The sum of R rows is then : 
1'd 

a=-
2 

n'-n=ó 

A -. - cos - l' + - l' - C + (R -- 1) a . sin Ra [2X óT' ] 
szna m m-

When ó is small this expres sion can be simplified by putting: 

1"=1' 

in the seeond term under the eosine. The sum of the first, seeond 
etc. group of R rows is thèn: 

sin Ra (2X, ) 
A-.-C08 -1-C+Ra 

sma m 
. . . (11) 

A si~ Ra cos (2n l' _ C + 3 Ra) etc. 
szn a m 

If the oscillation is of a purely periodical descl'iption and of equal 
amplitudes the sum will show a principfl.l maximum, RA, for a = 0, 
and fmther secondary maxima for all values of a whieh satisfy the 
equation: 

R tang a = tang Ila 

i.e., when R = 510, for values of a eorresponding with periods of: 

~ 25.872d \ 25.925d 

t 25.728 / 25.675 

but the amplitudes of these maxima will-be resp. 5 and 8 times 
smaller than the prineipal maximum. 

The amplitude will vanish whenever 
Ra = 3l', 211, 3.n- etc. 

i.e. for periods of 
\ 25.850d 

/ 25.750 

The uppel' curve of fig. 
these theoretical amplitudes. 

If we put: 
l' = 25.8 

f 25.900d 

I 25.790 

2 gives an' image of the fluctuations of 

1" = 25.8 ±.v 
the amount of shifting to be given to each group cOl'responding 
with 0.01 day, is: 

30.3l' •• v 0 

30 a = = 2 .094, 
25.8 ±.v 

,'IJ in the denominatol' being negleeted. 
The val'iation has been calTied on, as utmost allowable limit, to 
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x = ± 0.15, corresponding with a group-variation of about 31°. 
The group-amplitude is only slightly atfected by this variation as: 

sin Ra 
-.-=28.58 
szn a 

instead of 30. 
When R, the total llumber of periods, increases, the secondary 

maxima will become smaller and smaller, and at the same time 
maxima and minima will approach nearel' to the principal maximum. 

TABLE III. 

Results of the arrangement according to different periodb by the bhlfting-process. 

~riod 11 A C I Ppriod 11 .d C 

m/ll. 111/11. 

d. d. 
25.65 13 4 3510 25.81 27.4 247° 

25.66 64 2980 82 2::1.7 2170 

25.67 4.8* 1480 83 '15.0 169° 

25 68 16,4 760 84 7.6* 84° 

25 69 24.8 340 85 '12.6 3440 

25.70 30.0 3450 86 19.2 2860 

25.71 27.9 3150 87 24 0 2440 

25.72 22.5 2650 88 23.8 2070 

25.73 14.6 2::11 0 89 16.5 1740 

25 74 7.8 1710 90 5.1'" 1320 

25.75 6.7* 88° 91 4.9 301 0 

25.76 10.'1 33° 92 119 2620 

25.77 14.7 90 93 150 2320 

25.78 19.8 3460 94 13.6 2120 

25.7U 26.4 32:!,o 95 13.3 300° 

25.80 283 2890 

Table III exhibits the outcome of this shifting of the groups and 
fig. 2 shews both the theoretical and actual curves. 

For the sake of comparison the data of 'rable III ha\le been 
mll1tiplied by 2 and the amplitude of the theoretical pel'iod bas been 
taken equal to 0.1. 
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Fig. 2. 
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It appeal'S then that, in tact, secondary maxima and minima occur 
and, at least as regards the first minima, in the l'ight places, but 
that the secondal'y maxima, instead of being small as compal'ed 
with the principal maximum, as might have been expected, are of 
about eq ual intensity and, most so on the 1eft side, not at all 
agreeing with the theoretical lengths of period. 

This result may be interpreted in thl'ee ways: 
a. We may assume that every one of the thl'ee periods 25.80, 

25.70 and 25.87 is due to a purely accidental distribution of the 
quantities nnder considel'ation. 

b. We may concede that at least fol' the period 25.80 thel'e is some 
indication, but that the two adventitious periods are the consequence 
of' the unequal distl'ibution of the gl'onp-amplitudes so that they will 
disappeal' when the al'l'angement is contintted over a longer series 
of observations, 
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c. We can assume that the evidence is equally good for the three 
periods, and will be enhanced by continned arrangement. 

Of courE>e only au actual continuation of arrangement fol' another 
series of twenty years will enable us to answer these questions. 
The only test which at present can be applied is to form two or 
more groups as has been done above for the an'angement according 
to 25.8 days. 

Period 25.70d 25.87d 

A C A C 
Group 1-6 1.60 mM. 60 1.40 mlVI. 252 0 

" 
7-11 3.35 

" 292 0 0.73 
" 

1650 

" 
12-17 2.48 

" 
27 0 2.52 

" 
253 0 

" 1-9 1.11 
" 

3350 1.22 ., 2160 

" 
10-17 2.53 

" 
34:90 1.88 " 2630 

So far as th is criterion allows aconclusion to be drawn, it appears 
from this reE>ult that the evidenee for real existence of the periods 
25.70 and 25.87 is considerably less than of the period 25.80. 

In the latter case the arguments fol' three groups did not differ 
more than 25°, against diifel'ences of resp. 88 0 and 95° fol' periods 
of 25.70 and 25.87 days. The pl'obabilities of mere chance, therefore, 
are, taking 30° and 90°: 

1 1 
-and-
144 16 

L e. more than 8 times as great. If we take also into account that 
the amplitudes of the three gl'OUpS are accordant for 25.80 and 
wide]y different for the adventitions periods, we can estimate the 
pl'obability of chance at 10 times as great. 

The compntation of the probable error (incertitude) of the result 
lor each group also gives an indication fol' th iE> greatel' probability, 
but not in the same degree. 

25.80 

24.70 
25.87 

Amplitude. Pl'obable error. 
1.76 mmo 0.8:10 

1.76 " 

1.41 " 

0.916 
0.830 

7. If we apply, in so far as possible, the different criteria to the 
data published by Prof SCHUSTER concerning daily means of magnetic 
declination for Greenwich, arranged according to 26 and 27 days, 
we find for the sumE> of groups, each of which contains resp. 14 and 
13.5 rows. 
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26d• 27d• 

Al C Al C 
Group 1- 5 6'.19 267 0 3'.53 3510 

6-10 4.08 243 0 2.19 880 

11-15 3.09 351 0 4.75 3540 

16-20 j .45 1520 7.05 2030 

21-25 2.88 229 0 7.56 298 0 

The pl'obability, theret'ore, ot' mere chance is: 

26 days (
283)4 

... " 360 = 0.38 

27 days . . . . . (::~y = 0,20. 

and the final outcome 
26 days 0' .480 . . . . . . . . prob. error 0' .343 
27 " 0'.405........,' " 0'.415 

If we vary the arguments given in Table VIII of SCHUSTER'S paper 
for a period of 26 days In such a way that the result is eqnivalent 
to an arrangement according to 25.80 days we find: 

Group 1- 5 
6-10 

11-15 
16-20 
21-25 

Al C 
10'.83 54° 

5.72 1040 

4.88 77-
4.61 44° 
4.03 890 

As these arguments do not differ more than 60 degrees, the probability 
of chance is in this case: 

1 
64 

The final result, calculated for a grollp of 14 rows, 
1'.118 ...... prob. error 0'.292. 

The aCCurate length ot' the pel'ioel and the most probable value 
of C, calculated aftel' the method discussed sub 5, are then: 

25.804 days ........ C = 55.°6. 
It appears fl'om these l'u.lculations that an arrangement according 

to 26 anci 27 days leads to resltlts the probable incel'titude of which 
has about the same value as the amplitude itself. On arranging 
according to 25.8 days we find a probable incertitude about tour 
times less than the amplitude. 

Further, t'rom t1118 inye8tigation, as compared with SCHUSTER'S 

inquiry, we may draw tbe coneInsion, th at elements ot' terrestrial 
magnetisIn, as observcd in higher latitndes, allow a more decided 
.judgment to be formed concerning the l'eal existence ot' periodical 

3 
Proceedings Royal Acad. Amsterdam. Vol. VII. 



- 18 -

( 34 ) 

oscillations of this kind than meteorological ob6ervations made at 
tropical stations. 

If the outcome arrived at by the arrangement of barometl'ic dally 
means for Batana is considered to aff'ord some evidence or indica
tion fol' an oSClllatlOn periodlC in 25.80 days, a Jlll1ch greater 
probabiIity must be attached to the real eXIstence of this fluctuation 
in the obsermtions of magnetic declination made at Greenwich. 

Anatomy. - "Un tlte Form of t!te l'runlc-rnyotome." (First Com
municatlOn). By Prof. J. W. LANGELAAN. (Communicated by 
Prof. T. PLACE). 

The segmented plan of constructlOn of the vel'tebrate animaIs, 
most marked in the muscular system, has led to the conception of 
the myotome. 

Two methods are chiefly employed III establishlllg the f'ol'lll of 
this myotome. The first method is based on the hypothesis of the 
primary connectlOn between muscle and nerve; the second, a more 
direct one, is ba~ed on the dlssection of the intersegmental tIssue. 
Both methods seem eqnally restrlCted m theI!' apphcation, as can be 
concluded ti'om the researches of BARDEEN 1), mOreovel' there IS 

reason to believe, that they will not always yield ('oncordant results. 
The second method is folIo wed in this research. 

I. Tl'unlc-myotome of Petromyzon jluviatifis. (Fig. 1). 

F-'--1--

Fig H. 
torquated in respect to each other. 

1) Anat. Am. Bd. XXIII, NO. 10/11. 

The trunk-myotome of tbe 
adult animal has in general 
tlle form of acrescent, the 
cornua being directed to
wards the cranial end of the 
body and slightly inclined 
to each other. The dorsal 
corllU (fig. 11 CD) reaches 
to the mid-dol'saJ line, while 
the ventral cornu (fig. II 
CV) ends at the mid-ventral 
line ofthe body. Both cornua 
diifel' in length, the dorsal 
being about 1/; longer than 
the ventral, and while both 
reach to t11e mid-plane of 
the body, they are slightly 


