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The resnlts men fioned above would not have been attained, if I had 

not been sustained by the confidence in the success of the undertaking, 
w hicb the director of the Laboratol'Y, Prof. E. VmRSOHAJi'i"mLT, bas 
always shown, and by the aid in word anel deed, I experienced from 
Mr. J. VAN DER ZWAAL, instrumentmaker, and Mi'. J. MESSIAS, clockmakel', 

in the technical execution of the plans. 

October 1920. 
(From the Labomtory of Plant-Physiology 

() f the University o} Amstel'dam). 

Hydrology. - "On the Motion of Ground Water m ]i1'OSt anc! 
T/wwing Weathe1'." By Prof. Eva. DUBOTS. 

(Communicated al thc meeting of Jalmary 29, 1921). 

From small pools, from detached ditches, especially with high 
sides, from wlleel tracks, water is seen to disappeat' on prolonged 
frost from under the ice formed, so that betlealh the iee thel'e are 

air-filled spaces. Thc vanished watel'-layel' can be from a few centi
meters to some decimeters thick. Tbc phenomenon is nniversally 

known, but the question wllat happens to tbe water, has not been 

answered as yet. 
Other, equally common pbenomena, are observed in thawing 

weather. Hefore the frost the soi! ma,}' have been faidy dry near 
tbe snrface, but without previolts snow or !'ain it is fOl1nd 10 be 
m !lddy on the still frozen substra/um, as soon as thaw has set in. 
Not unti! 1,lje fl'ost bas quite gone from thc ground, the superfieial 
soil resumes its fOl'mer, less wet condition, because then tbc excess 

of water sinks away. Whence tbis excess of water? 
When tho frost bas gone from tbo gl'ound, new-set plante thai 

had not Jet properly (aken root, may be found "frozen up", that 
is partly, in some cases of small plants entil'ely, upl'ooted. By 

what canse? 
Some winters, espeeial1y that of 1917/18, 1 had an oppOi'tunity 10 

make obsel'vations in the "sand-diluvium" of central Limburg, whieb, 

I think, ean throvv some light on the causes of these phenomena. 
Tbc most important faet found, was that in thawing weather the 

ground toafer rises.Without snow Ol' min, and without superficial 
infJow of water, the level of the water, among othe1's in ditches, aftel' 
the ice in them had rnelted, is seen to 1'ise in the district mentioned 

to sueh an amount as 1 em. pel' twenty-fout' honI's. 
Benee there is displacement of ground water, during frost upwards, 

and during thaw dowl1wards, and I imagine this (0 take plaee as 

follows. 
'rhe pressing aetion of the sud'aee tension of the water that sur

rounds the ground grains, elecreases with incl'casing diameter. Henee 
in the state of equilibrium tlle coarse ground grains are covered 

with thieker water layers than tbe fine grollIld grains. And just as 
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the liquid moves from a small soap- bubble towards a large one, in 
the same ,vay water tbat stll'ronnds the grOtHld gl'ains moves from 
the fine towal'ds the coarse grains when the state of equilibl'ium has 
not j'et been l'eached. Sa fat' as I know, E. RAMANN was the fiTst 
to point Ollt th is important influellce of tbe grain-size all tbe moisture 
of tho soil. 1) In tbe eapillal'y spaces between the grains the height 
to which the water rises is also in inverse ratio to the cross-section 
of t hose in tel'stitial spaces. 

"Now it seems 10 me that tbe same influence manifests itsel±' in 
these phenomena of fl'eezillg and thawing of the grolHlcl, 

Fa!' as soon as tbe frost penetrates into tbe groulld, the ground 
grains become Iarger in eOflsequenee of tbeir watel'-envelopes getling 
frozen, anc! tben suek the water to them fl'om the neighbollring, 
still Ilnfl'ozen gl'ains; Ibis water fl'eezes again, and tbus the diameter 
of the solid gt'ains gets greateJ' alld gl'eatel'. In the same way tbe 
eapillary spaces gel nalTower, so that ground water rises in them. 
The quantities of water that thus eaIl be l'etained in the frozen 
parts of the gl'ound, must be very eonsiderable. 

This appears in tbawing weathel' from the muddy state of the 
gJ'ound at the sm-face, which thaws fil'st. When also the lowel' 
layers are thawed, the water that bas l'isen during the frost, can 
sink away. and return to the grollnd watm', 

Planls are not fOIlll<l upl'ooted thl'ongh frost until it thaws. This 
maj" be explnilled in this wa,)': wbcn the ground thaws, differellces 
of tension al'ise dil'ected from below upwal'd, thl'ough whieh the 
plants tbal have not yet fil'mly taken root, are ejeeted. 

I) In the third edition of his "Bodenkunde", p. 332, (Berlin 1911). 

Mathematica. -- "1'wo Rej)l'esentatious of the Pield ol Cil'cles on 
P01:nt-Space." Bj' Prof. JAN DE VRms. 

(Communicated at the meeting of January 29, 1921), 

1. lil 1917 these Pl'Oeeedillgs (VoI.1H, p.lli30)coJltainedapaper 
of Dl'. [{. W. W ALS'PItA on t he I'epl'esentation of the cireles of a plane 
on tb e poin ts of space. Int his l'epl'esen talion a penei I of ei rcles is 
I'eplaced by a point-range, a net of cil'eles by a field of points, anc! 
two ol'tbogonal cir'cles are l'epl'esented by two points that are hal'
mOllieally "separated bj' a parabolaid of l'evolutioIl, the points of 
wbich al'e the images of the point-cil'eles of tbe field of circles. 

Lately this l'epresentation has been investigated more closely and 
ttpplied fLH'thel' by Dl' .. 1. SMl'!' in his thesis entitled : "A Repl'esenta
tion of the Field of Cireles on Point-Spare" (ULrecht 1H20). We 
al'l'ive also at this I'epresentation in tlte following wa)'. Let A be 
a point outside the plane ([J of the cil'cles c; thl'ough c and A a 
sphere is passed. lf we eOllsidel' its eentre as the image of c tbe 
l'epresentatiûlI defined in Ihis way shows all the above mentioned 
pecnlial'ities. 

2. In order to arrive at allo/bel' J'epl'esentation of the field of 
eircles we tmnsform iJl the first plaee the plane i/J by inversion 
with centre JV into a sphere (-l; the eil'eles c are in Ihis way replaeed 
by cit'des Cl of [J. Now we eOllsidel' the pole () of the plane yl of 
c' as the 1'rnage of the eit,clc c. The point-á1'cles Pof i/J are, evidenHy, 
reprosented by the points Plof [3. A stmight Zine Z of (1) is trans
formed by the invel'sion into a cil'cle À throughN~ is therefore 
l'epl'esented by a point L of (he plano ]) touchillg (of atN: N is 
appareJltly theimage of the straight line at infinity of (1). 

3. A 2Jencil of ciJ'cles ~c) is tmHsfonned by inversion into ft 

l'pendl" (Cl), i.e. a system of ",hieh there passes one cil'ele thl'ough 
any point of (-l, so that the plallcs yl of the eil'cles Cl fOl'm a peneil, 
pass thel'efol'e thl'ongh a straight line }". Bilt then the poles Clio 
in ft straight line l' (tbe ])ola1' lino of 1'1 wilh respect to (3). Also in 
this repl'esentation a pencil of ci?'cles is therefol'e transfol'rnec! inl0 
a point-range. 




