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less pigmenied. CA transyersal serially ranged segmental exeedent 
contrast). 

b. animals with narl'ow dark transversal siripes, more numerous 
than the segments of the body (mammalia, e.g. zebra's). These stl'ipes 
correspond with zones of intersegmental summation. CA transvel'sal 
serially ranged intersegmental excedent contrast). 

6. EIMER'S type of the animals with longitlldinal strip es includes: _ 
a. fishes, in wh~ch the dark longitudinal stripes, or else the d[trk 

dots and spois ranged in long rows, correspond apparently with the 
points of entrance into the hypodermis of the skin-branches of the 
peripherical nerves. (An excedel1t contrast ex int1'oitu). 

b. amphibians and reptiles. Probably the precedent hypo thesis holds 
likewise for these. 

c. mammalia. In the viverridae the longitudinal stripes apparently 
have been prodllceci by the confluenre of rows of spots, which were 
originally distributed intersegmentally. (Pseudo-longitudinal stripes). 

7. EmfER'S spottecl type in the mammalia includes: 
a. Irregular spotting. This is caused by segmental exceclel1t and 

defect-variability. 
b. Uniform dotting. We may imagine this to have been produced 

by the fragmenting of stripes, that ocrur un-interrupted in kindred 
species of animals (leopal·ds). 

Meteorology. - "On /1'equency C'lM'VeS of meteol'ological elements." 
Bij Dr. J. P. VAN DER STOK. 

1. The application of the theory of probability to the results of 
meteorologieal investigations has hitherto been more limited than the 
nature of the data would lead us to expect. 

Tt is not dif1icult to indieate the reason for this fact. Nearly all 
applications of the theory of el'rors to physical and astronomical 
problems are inchlCed by the desire to determine a quantity with the 
greatest attainable precision ; the remaining .uncertainty affords a 
criterion for the value of the different methods employed and leads 
to experimental improvements, by means of wbieh the errors, or 
departures from the average valne, may be minimized. 

These reasons for the application of the theory of errors fail in 
meteorology: for the gl'eater part of meteorological quantities [tnd 
climatological regions it is impossible to calculate average values 
within a reasonable time and with [t moderate degree of precision 
and, if this were at all possible (e.g. fol' tropical stations), an increase 
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of preCIslOn wouid scarcely afford any advantage as we are unabie 
to re duce the deviations by impl'oving the obseryations. Moreover 
the knowiedge of the most probabie value is of minor importance 
as the frequency curves in general are Yery flat and we cannot 
attach the common idea of errors to the deviations which, aftel' all, 
are more characteristic of meteorological conditions than absolute 
values. 

Meteorological constants in the true sense of the word and to 
which the methods and terminology of the theory of errors are 
applicable, are nearly exclusively FOUHIER constants, obtained by the 
analysis of periodical phenomena snch as daily and annual variations, 
and to these it is certainly desirabie to appIy the criterion of the 
theory of errors more extensively than has hitherto been the case: 
the theory of errors in a plane can be immediately and advantage
ously used to get a clear undel'standing of the value of the results 
obtained. 

If llOWeVel' we abandon this basis of the theory of errors and proceed 
upon the lines which have of late been folIo wed by the socioIogical 
and biological sciences, the matter appears in a different light; in 
these sciences the principal objer,t to be obtained is not so much the 
mean valne as the occurrence of deviations, or rather the nature of 
the freq nency curves. 

Monthly means e.g. of barometric heights may be identical for 
January and July as far as the absolute values are concerned, but 
we may confidently expect the fJ'eqnency curves for these months 
to bear a totally different character. It is also extremely probable 
that the frequency curves wiU show a consideralJle difference for 
places in dift'erent latitudes Ol' differentIy situated in relation to the 
main traêks of depressions. 

The constants which OCCUl' in the analytical expl'essions for these 
curves may then be considel'ed as characteristics of the climate aud, 
as in meteorology we possess more data than in most other branches 
of sciepce, a more thorough study of details is possible. 

The principal questions al'e: 
a. In how far are 111onth1y means in accorclance with the common 

law of probability. 
b. What is the form of the freql1ency curves constructed fro111 

dai!y means or from observations made at fixed hoUl's in as far as 
these cqrves may be consiclered symmetl'ical. 

c. An investigation of the skewness of these curves. 
In this communication on1y the first of these pl'oblems will be 

consiclered. 
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2. The material chosen for this inquiry consisis of: 
1st• monthIy means of barometl'ic pressul'e at Helder, calcuIated 

for the 60 years period Aug. 1843 to July-1902, the total number 
being 720. 

2nd • monthIy means of barometl'ic pressllre at Batavia for 37 years, 
1866- 1902, altogether 444 data. 

3ld • monthly means of atmospheric temperature for the whole of /' 
France eluring the 50 years period 1851-1900, altogether 600 data. 

Up to 1873 the data for Helder have been taken from a meteor
ological journal kept by Mr. VAN DER STERR anel, aftel' his death, 
from the a1111a1s issuecl by the K. Met. Insiiiuut. 

A NEWlIfAN standal'el-barometer at Helder, which is known to have 
been in use as early as 1851, has recently been tested and does 
not show any appreciable errors, so th at it may safely be assumed 
that also the records of the station-barometer are sufficientIy accurate 
for our purpose. 

The monthly means for Batavia have been taken from the returns 
published by the K. Magn. en Met. Observ., anc! those for France 
from ANGOT's "lltudes sw' Ze climat de la F1'ance, Températzwe," 
published in the Ann. du Bureau Oentral Météor. de France, Année, 
1900, 1. lVIémoires, Paris, 1902, p. 34-118. 

Table I giyes the results of the calculations for Helder. 
Let 8 be the deviations of the inelividuo,l data from the cor

responding general average value alld n the number of data avaihtble, 
then: 

V l?ï d . j' M= --, mean eV1al1011, 
n-l 

{Jo == 1.:1, average deviation, 
n 

1 
lL = --. f~tctor of steadiness, 

111V2 ' 
1 

h' == -V ,idem. 
-& :ft 

A == number of years required to obtain a general meall value 
with a probabIe error of ± 0.1 mmo for the barometric height anel 
of ± 0°.1 O. for the atmospheric temperature. 

Th~s number, calculated from the fOl'mula: 
0.6745 M 

VA=--0.1 
is given instead of tIle probable error of the resuIt with a view of 
showing how difficult, if not how impossible, it is to fix nOl'mal 



- 5 -

( 317 ) 

values of meteol'ological e1e111ents, at least in high latitudes. The 
application of this formula is justitied by the consideration that 
monthly means for a given month may, as far as our actuallmowledge 
goes, be regarded as independent of each other, whereas e.g. daily 
means are certainly not so. 

lf the deviations are distributed according io the normal, exponential 
law: 

l~ 
- e-lt~x2 dllJ • • (1) 
V3t' 

the quantity h' m~lst be equal to h. Another criterion to ascertain 
wh ether the distribution of deviations is regulated by the nOl'mal 
law, as advocated by OORNU 1), is obtained by calculating:J'( by means 
of the formula: 

2 .lI1~ 
3t' =-- . {)o2 

. (2) 

it is eqniyalent to the critel'ion previously mentioned as it holds 
only when h = h'. 

The quantities lJl and h may be regal'ded as a measure of the 

TABLE 1. l\1onth1y means of bal'ometI'ic height, Helder. 

I1 M 
h 

January ........ 15 01 mmo 4.04 mm 0.141 

Fl'bruary ... '. 4.85 3.82 0.146 

March.. .... .... 4.21 

April.......... 3.36 

1\loy ........... 234 

June. ......... 2.22 

July ........... 2.09 

August ....... 2.12 

September. .. .. 3.01 

October ....... 3.35 

November.. .., 3.74 

Decem ber. . . . .. 4 99 

Mean .. " '" 

3.4.5 

2.74 

1.91 

1.76 

1.65 

1.69 

2.45 

2.62 

3.02 

4.00 

0.168 

0.211 

0.302 

0.318 

0.339 

0.::134 

0.235 

0.211 

0.189 

0.'142 

1) Ann. de l'Observ. de Paris. XIII, 1876. 

h' 

0.140 

0.148 

0.164 

0.206 

o 296 

0.321 

0.3i3 

0.334 

0.230 

0.215 

0.187 

0.14'1 

A 

1149 

'1071 

805 

514 

250 

225 

198 

206 

411 

5LO 

637 

'1132 

3.083 

3.222 

2.971 

3.007 

3.022 

3.190 

3.212 

3.158 

3.079 

3.262 

3.063 

3.106 

3.'198 

-~- -----~------~ --- ---~ -~-~-

\\ 
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variability and steadiness of the climate ti'om year to year in so 
tal' as this is detel'mined by the oscillation of the atmosphel'ic pres
sure. By analogy to the secular val'iation of the elements of terrestrial 
magnetism this instability might also be called secular variability. 

Assuming this critel'ion to be correct, it appeal's ti'om Table I 
that the1'e is every 1'eason to suppose that at Helder the deviations / 
follow the normal law, the average value of 3'C not differing more 
than 1.8 010 from the real v~tlue. 

On com'paring the clirnate at Helder, which is highly variabie 
from year to year, with the clirnate at Batavia (in so far as in this 
case also the variability of atmospheric pressure may be taken as a 
measure), "\ve find totally different conditions. 

A pel'iod of about ten years for tile Eastmonsoon, anel of twenty 
years fol" the Westmonsoon months is all'eady sufficient to obtain 
tofa1 monthly' means of the' barometl'ic height with a probable error 
of ± 0.1 mm. and fol' the dry months the a,railab1e series of 
37 years is quite sufficient to obtain a degl'ee of certituele twice as 
great. 

TABLE Il. lVIonth1y means of baromeiric height, Batavia. 

IJ M 
h 

January........ 0.84 mmo 0.71 mm. 0845 

February ....... 0.75 

March.. . ... . .. 0.63 

April......... 0.42 

May ........... 0.44 

June . " ..... " 0 4D 

July........ .. 0.44 

August........ 0.47 

September. .. . . 0.44 

October. . . . . . . . 0.51 

November...... 0.65 

December...... 0.61 

Mean .•...... 

0.62 

0.52 

0.36 

0.32 

0.28 

o 34 

0.33 

0.35 

OM 

0.53 

0.49 

o 938 

'1.1'15 

1.701 

1.603 

'1.77!} 

1.604 

1.492 

1.598 

'1 375 

1.088 

1.'166 

h' 

0.792 

0.917 

'1 085 

'1.581 

'1.75'1 

'1.990 

1.6m 

1.689 

1.606 

1.370 

'1.063 

1.'155 

A 

32 

26 

'18 

8 

9 

7 

9 

10 

9 

12 

19 

'17 

2.759 

3.004 

2.974 

2.715 

3.752 

3 931 

3.282 

4.028 

3:173 

3.1'18 

2.999 

3.086 

3.235 

The application of the criierion as to whether the deviatiolls follow 
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the norm al ]aw leads ia a far less satisfactory result fol' this place 
than for Helder. The two values hand h' of the factor of sieadiness 
show considerable and systeruatic discrepancies, the calculated values 
of 3'C for May to August being collectively toa great, and those fol' 
the other months toa small. AHhough the total mean, 3.235, does 
not differ more than 3 °10 from the real value, these differences 
amount to + 15.7 °10 in the five dry montlls and to - 6.5 °10 
in the seven months of the wet season. 

Here, therefore, the secular variability cannot be l'egarded as a 
pure1y accidental quantity unless another law, more complicated 
than the normal one, applies and which is in same degree dependent 
up on the monsoons. This might be the case if the atmospberic pressure 
were dependent (and in a different manner in different seasons) upon 
another factor, for instanee the te mp erature, the variability of which 
might still be according to the law of accidental quantities. 

Similar systematic differences, varying with the season, between the 
calculated anel the real val11e of ~ are not apparent in the l'esUltS 

of the calculations for the atmosphel'ic temperature in France, and 
the general avel'age value of 3'( does not diffel' from the'real value more 
than 0.13 010' 

T ABLE IIL Monthly means of atmosphel'ic tempel'atul'e, France. 

I~I !0- h .~ I A n-

0 0 

January ........ 2.07 C. 1.73 C. 0.341 0.326 195 2.869 

February ....... 2.03 1.70 0.356 0.332 188 2.855 

March ......... 1.59 1.25 0.446 0.452 1-15 3.230 

April .......... -1.20 0.92 0.588 0.616 66 3.444 

May ........... 1.32 1.07 0.536 0.529 79 3.067 

June .......... 1:14 0.91 0.629 0.623 59 3.150 

July ........... '1.29 1.00 • 0.548 0.565 76 3.347 

August .•...... 1.08 0.88 0.653 0.641 53 3.029 

September ..... -L19 0.94 0.594 0.600 64 3.205. 

October .....•. 1.25 '1.02 0.565 0.55'1 n 2.991 

November ...... 1.50 1.22 0.472 0.464 ·102 3.043 

December ...... 2.41 1.84 0.294 0.306 264 3.418 

Maan ..•..... 3 .. 137 
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In the paper already quoted, Mr. ANGOT assmned that tl1e deviations 
do not show systemaLic cliiIel'ences in different montlls, anel he sub
jects the deviations taken eonjointly to the cl'iterion of the law of errors. 

This assumption is not ,justitieel by the l'esults given in Table IU, 
from which it is eviclelJt that ihe val nes of lz are subject to consider
able anel systematic variations nnd, if a satisfactory agreement 
is still found' between theory and observ8,tion, this can only be 
accounteel for by the fact that the pl'obnbilrty of the OCCUl'rence of 
deviations between fiMe! lÎlmts is expl'essed in a number of clerimnls 
toa restricted ia indicate the differences whieh, as for Helder anel 
Batavia, must here exist between theory and pl'actice. 

No more eau It be affirmeel that, if a satisfactory accol'clance exists 
between the calculatec1 and the observecl numbel' of deviations 
between given limits, the average value wIlI also be t11e most 
probable one. In applying this criLerion, as weIl as in calculating 
h' and 1/:, a possible (alld probable) slrewness of the frequency curve 
is not taken into account because, by tl'eating the cleviations without 
regm'cl to their sign, symmetry "\"ith respect" ia the ordinate of the 
centre of gravity of the ngure is tacitly assllmed. 

As the munber of years over which the observaiions extencl is 
still tal' too s111a11 to allow frequency curves to be drawn for each 
month separately, it is still worth while to cOllsider the c1eviations 
collective1y, provideel that at {he same time the question be put, 
what form the law of c1eviati0118 will aSSUITIe "\vhen they are com
poseel of gl'OUpS which individually follow the 11ormal1aw, the factor 
of steaclmess being different for chfferent groups. Even then the 
avai1able data are insufiieient to inelicate with eel'tainty a small 
degree of skewness in the frequency curve, sa that only the Sy111-

metrical form ean be sought fol'. 

3. If, as in om' ca&e, the different g'l'OUpS accu!' 'with eqnal (sub) 
frequency, it is not clifficult to indicate in what respects sneb. a 
curve, the resu1tant of many elements, must diffel' from the nOl'll1al 
curve. The gl'OUpS chal'actel'isecl by large factors of stearliness will 

- raise the munber of small deyiatiolls above the number correspond
ing with au average factor anel eontribute only in a small clegree 
to the number of large c1eviations, whereas, on the contl'ary, flat 
curves with small factors will give 1'ise to a gl'eater 1111mber of large 
deviations than is consisLenJ with the 110rmal lmv. Deviations of 
average magnitude will then OCCUl' io a less degl'ee than is rcquil'ecl 
by the common law; cOllsequently in drawing the LWO curves, ther \ 
will be seen io interseet at fom points, as a minimum. 
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. In apapel' 1) published some years ago, SCHOLS has drawn the at
tention to the fact that differences of th is description are almost always 
fonnil when sufficiently extensive. series of errors are put to the test 
of the normal la w; in this papeE. ~e sh~ws that these differences 
CaImot be explained by the olllission of terms in BESSEL'S develop
ment of the exponential Jaw and suggests that their origin must be 
sought for in the superposition of observations of different degreês 
of precision . 

In' tlie obs€wvà,tions alluded- to by SUHOLS, it will in gen~tal not be 
possible to estimatë these degrees of precision any more than the 
relative subfl'eqllencies with whieh the different groups are represented 
in the l'esl11t; in the case of monthIy means sueh as ~re being 
disclisseä here, the factors of st€'adiness are approximately known 
and the subfrequencies of the different groups are all identical. 

If we arrange the 12 groups accol'ding to inereasing val ties of lt, 
it appears that we may take its change to be uniform; consequently 
it is possible to find an n,ppi.'oximate soIntion of the problem in 
fini te form. 

We have then to consider lt as a variabIe quantitJ zand to ask 
what form the expression will assume for a sum of elemental'y surfaces: 

. 
(7) cJ e- Z~X2 dm 

-(7) 

(3) 

if z varies in a continuous manner from lt to B. If the sllbfrequency 
of these elementary groups be also regal'ded as a function of z 
(which occurs e.g. in the case of wind-frequencies), (3) must be 
equated to ffJ (z) cl Z, cp (z) being subject to the condition : 

H 

r cp (z) dz = 1 .... 
Jh " 

The constant () is determined by the expression 

C == zq;( z)dz . 
V~ 

and if, as in our case, 

1 
(J:;:: Il l~ 

_ q; (z) == (J 

zdz 
C.= (Ii - )V ' -l~ 31: 

1) ,Versl. \-Vis. Nat: Mel K. Abd. Wet.. 1. 1893 (p. HI4-202). 

Proceedings Royal Acad. Amsterdam. Vol. VIII. 

• (4) 

. (5) 

22 
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the l'esulting probability of a deviation being situated between :IJ and 

:IJ + atV is then: 

and the equation of the frequency CUl've: 

Y 
= 1 [e-h2X2 __ e-S2X2] 

2( 
TT 1 V . . . . . (6) 
.u-tl):Tl' tIJ' 

Developing th is expression we may put: 
B~h2 

H+h --2-X2
[ (1f2-h? (1f2_1~2)4 ] 

Y = 2V:Tl' e 1 + 22:3!,v
4 + ~5T{1J8 ... 

If we put: 
co 

(1.11 = 2 J,vny cl,v 
o 

we find with the help of: 

Joo (n+l) 2 'tn e-·2 d-,; = r -2-

o 
and 

00 

dz == log -, J
e-pz-e-gz q 

z p 
o 

. (7) 

for the moments of different ordel' with respect to the maximum 

ordinate: 
1 

(J-o = 1 , (-t2 = J.11' = -2Hlt 

1 H 1 H+h 
(-tI = {). = -(H--h)-V'x log h ' (1.3 == 2V.n' li.21~2 . . (8) 

Fl'orn a series of deviations following the law (6) the two character
istic constants H and l~ can be derived by computing the moments of 
the second and third order. They are found io be equal to the roots 

of the quadl'atic: 
X 2 _pX+q==O 

(-taV.n' 1 
p == 2!~,2' q == 2(-t2 • • • . • • . (9) 

If we had put a similar series to the test of t11e nOl'm.al law (1) 
we sho"\.lld have found for the equation of the fl'equency curve; 
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V Hh 
y = ---;; e-Hhx2 

or 
H2-thl 

V Hl! --2- :t
2

[ (H_/~)2 (H-h) 4 
] 

Y = -e 1 + --- ,'1]2 + ___ ,'1]4.. • (10) 
:re 2.1! 22 2! 

On eomparing this expression with (7) it is at on ce seen that in 
this manner too great a number of small deviations must be found, 
as the module of the deviation zero, eomputated by (10) 

V r:;t, 
is always smaller than that derived from (7): 

H+lt 
2V:re' 

The position of the fom points wh ere the two curves interflect 
are found by equating the expressions (7) anel (10); if the elevelopme:!lt 
can be stoppeel at the third term 1hey are given by the roots ofthe 
biquaclratic : 

. . (11) 

\ 

With the help of the form. (8) fOl' {Jo, it can be shown th at, if a 
series of figures follows the ]aw (6) the computation of :re according 
to (2) must necessarily lead to values wInch are somewhat too high: 

-=3"t-- log-
2112 (H-h)2 ( H)-2 
{Jo 2 HIt h 

Putting: 
. H + h = p, H -:h = q, 

we find: 
H q ( 1 q2 1 q4 ) 

log 7" = 2 - 1 + -3 - + -5 - + ... 
ft _ P p2 p. 

q2 t 
1+-+-+ ... 2P2 p2 p4 

""i2 = n ( 1 q2 1 q4 )2 > ~ 1+--+--+ ... 3 p2 5 p4 

. . • (12) 

4. In the following applic~ltions of these reasonings to deviations 
taken collectively fol' all months, the frequencies are l'eelllCeel to a 
total number of 1000: by exponential law is unelerótooel tlle simpIe, 
normal law of erl'ors (1). 

22* 
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TABLE IV. Bal'ç.>meter, Helder. 

Dev. mmo // Ob:rv.j Exp L i Dlff. Dev. nl'm. II ~bserv·1 Exp. L·I Diff. 

0.0"-0.45 104 100 +4 5 95-6.45 21 25 -4 

045-095 129 108 +21 6.45-6.95 -17 19 -2 

o 95-1 45 121 106 +15 6 95-7..15 14 15 -1 

'1.45-1.95 JOl 100 +1 7.45-7.95 7 11 -4 

1.95-2.45 97 92 + 5, 7.95-845 18 8 +JO 

2..1.5-295 86 8J. +2 8.45-8 95 8 6 +2 

2.95-3.45 68 75 -7 8.95-9..1.5 10 4 +6 

3.45-395 50 65 -15 9 45-9.95 7 3 +4 

3 95-4 45 43 56 -13 9.95-JO 45 2 2 0 

4 45-4.95 38 47 -9 10.45-10.95 1 1 0 

4.95-5 45 31 39 -8 10 93-11 45 0 0 0 

5.45-5.95 25 ~2 -7 11.45-11. 95 2 2 0 

r;= 2.769, ~t2 = 12.867, (.la = 77.427, 
1 

h (Erop. L) = --= Vlfh = 0.1971, 
V2p2 

n (form. 2) == 1.069 X 3.142. 
Points of intel'section observ. neal' dey. 2.95 and 7.95, 

H = 0.2712 , A == 0.1433 (form. 9). 
n (form 12) == 1.044 X 3.142. 
Points of intel'sectiol1 (form. 1J) at dey. 2.60 and 9.19. 
The sunlS of the diifel'ences between the limits of the obsel'ved 

points of intersection are, as given in Table IV, +48, -70, +22. 
If we aIso wish to compare these quantities with tlle result 

of the theol'Y, we have to integrate (6) between the limits deduced 
from (11). For the limits a and zero we find the frequency: 

a.H a.h 

1 [e_1C2H2_e-a.2112]+ ___ 2 _ [Hf'e--r2dT-lt f'e--r2 drJ (131 
a(H-h)V3t (H-h)V:1C Je J < 

• 0 0 

By means of th is formula we iind between the limits calculated 
by means of (ij): 

a Form. (6) Form. (jO) DHf. Obs. 
0-2.60 553 509 +44 +48 

2.60-9.19 440 476 -36 -70 
9.19-etc. 7 15 -8 +22 

, 
-~ 
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Às the sitnation of the second point of intersection according to 
the observations (7.95) shows a mther large discrepancy with that 
given by theory (9.19), it is natural that only the sums of the 
positive dilferences between the limits zero and the first point of 
intersection agree closely. 

Taken as a whole it may be stated that the secular variability of 
barometric pressure at Helder is regulated by the law of accidental 
events as completely as l11ight luwe been expected considering the 
SCtlntiness of the material available. 

A possible skewne5s of the curve is left out of eonsideration as 
has been all'eady remarked; it can, ho wever, be but nnimpol'tant as 
in 720 deviatiol1s 364 are Ipositive and 356 nogative. 

The same ea11not be aseertained of the secular variability of baro· 
metric pl'essure at Batavia j thc e1ifferences behveen the obsel'ved 
fi'equencies anel those ealenlateel accoreling ia the exponential law 
are not of sn eh a weIl marked descl'iption as for Helder, sa that a 
determination of the points of intersection is out of the qnestion j 

thei1' situation CtUl only be calculated as a 1'esuIt of theory. 

TABLE V. Barometer, Batavia. 

Dev. mmo II observ·1 Exp. L·I Diff. Fll. II-~serv. Exp. L.' Dlff. 

0.000-0 005 140 135 +11 0.995-1.005 34 25 

0.005-0.195 140 136 +13 1 093-1.195 7 18 

0.195-0.295 126 120 -3 1 195-1 2\)3 7 12 

o 295-0395 117 118 -1 I. 295-1 ::l95 10 8 

0395-0495 101 104 -3 1 395-1.405 5 5 

0.495-0.595 05 89 +6 1. i95 -1. 595 7 3 

o 595··0.695 50 74 -24 1.595-1.695 2 2 

0.695-0 795 52 5~ -7 1 695-'1.795 2 1 

0.795-0.895 59 46 +13 1.795-1.895 0 1 

0.895-0 995 ~g 35 ~6 1.895-etc. 2 0 

" 

(.ti ~ 0.4395, (1)2 == 0.3106, f1~ == 0.2915. 
lt (Exp. L.) :;:.: 1.2586, 3r (farm. (2) == 1.040 X 3.142, 

H = 1.989, lt == 0.796. 

"' (fol'l11. 12)) = 1.0115 X 3.142. 

+9 

-11 

~5 

+2 

0 

+4 

0 

+1 

-1 

-~ 
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Points of intel'section (form 11) at dey. 0.399 auel 1.620. For the -
sums of deviatioJ1F, between the::ic lilllits we find (form 13) : 

Ct Form. (6) Form. (J 0) DHf. Obs. 
o - 0.399 559 522 + 37 + 17 

0.399 - 1.620 431 474 - 43 - 19 
1.620 - etc. 10 4 + 6 + 2 

It appears from these l'esults that the calcnlation of :re Call110t 
always be regal'ded as a good criteriOl1 of the variability being 
regulated by the la w of accidental events. From a series of 
11 U mbel's, composed, as thc barometric departures fol' Batavia are, of 
groups which follow neither file simple normal law nor the more 
complicated law (6), still the ealculation of ~ leads to a value whieh 
is correct within 1 % 

TABLE VI. Temperature, France. 

D~v. CO. 11 Observ. r Exp L·I DHr. Oev. CO. II oserv·l~ 
0.00-0.15 73 78 I -5 2.1!,)-235 27 36 

I 
0.15-0.35 113 101 

1 

+12 2.3!':>-2.55 18 29 

0.35-0.55 108 98 +10 2.55-2.75 8 24 

0.55-0.75 87 95 -8 2.75-2.95 25 19 

0.75-0.95 100 88 +12 2.95-3.15 15 15 

0.95-1.15 83 82 +1 3.'15-3 35 12 11 

1.15-1.35 77 74 +3 3.35-3 55 8 9 

1.35-1.55 60 66 -6 3.55-8.75 12 6 

1.55-1.75 70 59 +11 3.75-3.95 5 5 

1.75-1.95 58 50 +8 3.95-4.15 2 3 

1.95-2.15 30 43 -13 4.15-e'c. 9 9 

tJ.l = 1.207, tJ.~ = 2.394, tJ.s = 6.703. 
lt (Exp. L.) = 0.4570, .:r (form. (2) = 1.046 X 3.142, 

H = 0.7627, h = 0.2739, 
iTt (form. 12) =::1 0.140 X 3.142. 

DJ/r. 

-9 

-11 

-16 

+6 

0 

+1 

- '1 

+6 

0 

-1 

0 

Positiort of points of int~rsection (form. (11) n.t dey. 1.09 and 
4.87. Sums of deviátiöns between these limits (form. 13): 

ft Forp1. (6) Form. (10) Diff. 
o ~ 1.09 565 519 + 46 

1.09 - 4.87 429 480 - 51 

Obs. 

+ 22 
-~ 22 
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( ~27 ) 

As a general resuJt of th is investigation it can be stated that, 
according to theory, in all th ree series the nu 111 bel' of small deviations 
is greater than the simple exponential law would l'equire, but to a 
somewhat less degl'ee than would follow from the law formulated 
in (6). 

The deviations of barometric pressure at Helder are in all11o::;t 
perfect accordance with this frequency la,w and, thel'efol'e, for each 
1110nth separately with the normal law; the curve of deviations of 
atmospheric temperature in France still shows many irregularities, 
but, in general, it acrords weIl wilh tbe law of farm. (6); the 
secular yariability of atmosphe1'ic pressure at Batavia is not regulated 
by the law (lf accidental events and its frequency curve shows 
characteristic peculiarities in diffel'ent seasons. 

Microbfology. - ".Ll1~t7wn as ca1'bon-Joocl anc! sou)'ce 0/ enel'gy 
JOl' bacterin". BJ' N. L. SÖnNGJ~N. (Communicated by Prof. 

M. W. BEI.JERINCK). 

Methan, which is incessantly prodllced fl'om cellulose in t11e waters 
and the soil, thl'ough the agency of microbes, and which, since 
vegetable life became possible on om planet mllst have been formed 

- in p1'odigious quantities, yet OCCUl'S on1y in traces in our atmosphe1'e. 
As this gas is vel'J' resislal1t against chemica1 influences its dis

appeal'ance in ihis way is high1y impl'obable. But the conversion of 
111ethan into carbon dioxid and water procInces a considerabIe quan· 
tity of heat, and sa it seemeel "\"o1'th investigating whethe1' thel'e should 
exist any organic béings cnpable of feeding' anel living on it. 

In the first place green plants were examined as to their powel' 
of decomposing methan in the light. To this end same watel'plants 
were chosen, which seemed io offer most chance of 8uccess, con
sideril1g that the formation of met.han, as an anrerobic pl'ocessJ takes 
especially place in stagnant waters. .._ 

In this way positive l'esults were obtained yvith se"era.l species 
of plants as Callitric/te stagnalis, Potamogeton, Elodea canadensisJ 

Batrachium" Hottonia palustris, 8'pil·ogY1·a. Sa, for exampleJ in 
One of the expel'iIl)ents in .the light of a window to the NOl'thJ 

with Hottoni'o palït:it}~i~" put in a flnsk containing' 500 cc. of methan 
Ilud 500 cc. of oxygen, and inve1'sely placecl in a vessel filled with 
water, all the 111etha11 c1isappeal'ed from 7~21 May, 50 withill 
a f'ol'tnigl~t. 


