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Paleobotany. - Some remarks concerning the Palaeozoic Flora of Djambi, 
Sumatra. By O. POSTHUMlJS. (Communicated by Prof. J. 
C. SCHOUTE.) 

(Communicated at the meeting of April 30. 1927). 

During the geological exploration of the residency Djambi by Dr. A . 
TOBLER and his collaborators. Ir. GÖLLNER discovered remains of fossilland~ 
plants in palaeozoic strata at Moeara Ketidoeran Siamang. near the Soengei 
(river) Merangin in the district Bangko in the interior of the residency. 
As this part of Sumatra is situated about midway between British India and 
Australia. where a well~developed Glossopteris flora is found. one should 
expect to find plants of this type here too; especially as similar forms have 
been recorded from Serawak 1). The fossil plants from Djambi. however. 
were more similar to those of Western Europe. The specimens collected at 
that occasion we re first mentioned by JONGMANS in the report on the geolo~ 
gical explorations in Djambi 2) . and in 1925 a detailed description of them 
was published by JONGMANS and GOTHAN 3). 

Because of the great importance of this locality for the study of the 
lelationship between the Glossopteris flora and that of the Arctocarbonic 
type, further collecting was planned. Some scientific societiés and private 
persons, a few years ago. put funds at the disposal of Dr. JONGMANS. who. 
however, was prevented by circumstances to make the voyage. In 1925 these 
funds were transmitted to me and during an expedition into the interior of 
Djambi. which was made in combination with a geological re~investigation 
by the Geological Survey of the Netherland East Indies. a collection of 
these fossil plants was made. A preliminary report has already been 
published 4 ) • 

I hoped to have occasion to study at least part of the materiaL which I 
had collected, as a compensation for the time and trouble, necessary for the 
collecting of the materials. Instead of going to Java directly, I retu,rned 
to the Netherlands with the intention to work out the results, and though 
the specimens had already arrived in Holland long ago and I of ten requested 
to have put them at my disposal for study. I never saw back any of the 
fossils, which are now in the hands of Dr. JONGMANS. 

The following remarks are based upon some observations during the 

1) TENNISON-WOODS. 1885. p. 583. 
2) JONGMANS in TOBLER. 1923. p. 193. 308. 541. 
3) JONGMANS und GOTHAN 1925. 
4) ZWIERZYCKI and POSTHUMUS 1926. 



629 

collecting-work. and on some notes and sketches. then made. They are 
to be considered only as an addition to the preliminaryreport; the 
publication by JONGMANS and GOTHAN is now also quoted; it was then 
not yet known to me. 

The species. which have been found. are given in the following list: 

~ 
Stéph. I Perm. 

Ct I BClpy! BI 

--

P OA 

I' 
I' 

I. Pecopteris Verbeeki J. et G. -
,. 
1 

2. P. polymorpha Brongn . . - - - - - -

3. P. hemitelioides Brongn. - - - - - -

4. P . arboreseens Brongn . . - 1- - -

5. P. cf. Miltoni Brongn. - I' -
, 

6. CycJopteris spec. - - 11 I 
7. Callipteridium cf. gigas (Schlotheim) Weiss. ! - ! - - - 1 - -

I 
1 

8. Taeniopteris multinervis Weiss - - - -

9. Gigantopteris americana White - -

10. Calamites Suckowi Brongn. - - - - - - l -
Il. SigilJaria Brardi Brongn. '- - - - - _I) ! 

12. Lepidodendron cf. Gaudryi B. Ren. - -

13. L. fel is oculus (Abbado) ZeilIer . - 11 

H. Stigmaria ficoldes Brongn .. - -11 -
-

15. Sphenophyllum oblongifolium Germar . - - - - -

16. Cordaites borassifolius Stbg. - - -

17. Tobleria bicuspis J. et G .. -

18. Dadoxylon spec. - -

Abbreviatlons : 

J = JONGMANS and GOTHAN 1925. 
P = Observation of the author. 
Ct = Basin of Commentry. 

Py = Basin of Perrecy. 
B = Basin of Bert. 
P = Other Permian strata. 

- -

- [ 2) 
- - -

I 

Be = Basin of Blanzy and Creusot. OA = Upper Palaeozoic strata of East-Asia. 

On these specimens the following remarks may he made: 
1-5. The fronds of Pecopteris belong to a group. which is known from 

1) RENAULT 1896. p. 193. 
2) GOTHAN 1915. p. 268. 
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the Stephanian and Permian of Europe, and also from China and 
Malakka 1). 

8. The specimens of Taeniopteris from Djambi probably belong to 
several species. 

9. Some of the specimens show a distinct nervation. 
11. Several specimens with the leaves still adhering were found at the 

Moeara Ketidoeran Siamang. 
12. The specimens much resembIe the fossiI, figured by JONGMANS and 

GO'rHAN on pI. IV, fig. 5. It does not seem probable that the twigs, which 
are mentioned in the preliminary report as Walchia spec. 2) belong to the 
same plant. 

13. Prom this species some specimens we re found at the Soengei Maroes. 
14. This species is rather frequent in some localities ; some basal 

stumps of the stem in situ showed by their position that the strata, in which 
they occurred, were not turned upside down. 

The strata, which contain the fossil plants, belong to a series of concordant 
layers in which banks of vulcanic material and other ones containing marine 
fossils were intercalated. On some places they had the character of a 
Stigmaria-bank. covered by a bed of lava; on other places they we re 
developed as a shale, containing much Cordaites, or as a rather coarse 
sandstone with much impressions of Cordaites, Taeniopteris and Pecop
teris; the locality at the Moeara Ketidoeran Siamang was especially 
interesting, because the plants were found imbedded in a white clay, which 
was still plastic: numerous leaves and seeds of Cordaites, leaves of Pecop
teris, Taeniopteris and leaves and sterns of Sigillaria occurred in it. 

Whl'n collecting the fossiIs, I did not get the impression, that the flora 
at the different localities was much different. The marine fossils, which 
formerly were considered to be of Permian age, occurred in strata, be
Ion ging to the same series as the plant-bearing strata and occurring at 
ciifferent height, sometimes alternating with the latter ; hence both kinds 
may be considered to be of the same age. 

When discussing the age of strata, situated at the boundary of two 
formations, i.c. the Carboniferous and P~rmian, one should bear in mind 
that the criteria, used by the authors, may differ largely. 

The olders of the series quoted here for comparison, that of Commentry, 
was by RENAUL Tand ZEILLER 3), later by ZEILLER 4), taken to be of 
Carboniferous age; but STERZEL 5) included it in the Permian formation, 
because of a number of species, which are kwown elsewhere from Lower 
Permian strata only. Though most species may be found both in upper 
Carboniferous and in Permian beds, some species of Sigillaria and Spheno-

1) EDWARDS 1926, p. 171. 
2) POSTHUMUS 1926, p. 215. 
3) RENAULT et ZEILLER 1890, p. 713. 
4) ZEILLER 189-4, p. 275. 
5) STERZEL 1895, p. 3-40. 
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teris, whieh are characteristie for deposits of the upper Carboniferous, were 
wholly absent. 

In KAYSER, Lehrbuch der Formationskunde, these strata are mentioned 
to be of Permian age; in the French handbook of de LAPPARENT and HAuo, 
they are included in the upper Carboniferous. 

From the East Asiatie regions T. G . HALLE 1) draws about the same 
distinction as STERZEL: The upper Shibotse series is, according to him, 
doubtless of Permian age, as indicated by the occurrence of SphenophylIum 
Thoni "one of the most distinctive species of the Permian". This species 
also occurs in the basin of Commentry 2). 

ZALESSKY 3) however thinks th is species not be decisive of Permian age ; 
his opinion agrees with that of the French palaeobotanists: the beginning 
of the permian is indicated by the appearance of Callipteris· conferta, Taeni
opteris multinervis and Walchia filiciformis. The first species, however, 
already occurs in the beds of Perrecy 4), which are considered by ZEILLER 
to be of Carboniferous age. Those of Bert are mentioned by all authors as 
belonging to the Permian formation 5) , because of the occurrence of 
Taeniopteris multinervis, Walchia linaeriaefolis, and the abundance of 
Callipteris conferta. Most of the other species occur in Permian and upper 
Carboniferous strata. 

The same diffieulty arises for the localities of Chan-Si ; ZEILLER 6) 
mentions the occurrence of Stigmaria ficoides , Lepidodendron cf. Gaudryi 
from there, together with Taeniopteris multinervis. The first two species 
may be used as an argument for Stephanian age; the latter for Permian 
age, because, according to ZEILLER, it is found elsewhere in Permian strata 
only. But as a criterion for the age this argument is of relative value o.nly : 
GOTHAN 7) thinks these grounds to be insufficient for considering these 
strata to he of Permian age. 

The localities in Ojambi are mentioned by JONOMANS and. GOTHAN 8) 
<iS being of Carboniferous age, 1°. because Stigmaria and Lepidodendron 
are found , 20. because species characteristie of the Permian do not occur. 
Of Stigmaria good specimens are found in Ojambi. In the Saarbasin and 
in Thuringia they do not occur in the lower .Permian (Rotliegendes) ; . from 
Bert, however, whieh is considered to be of Permian age by all authors, its 
uccurrence is mentioned by GRAND 'EURY 9) and ZEILLER 10) , and from 

1) HALLE 1924, p. 23. 
2) RENAULT et ZEILLER 1888, p. 488, pI. 52, fig . 10. 
3) ZALESSKY 1907, p. 523. 
i) ZEILLER 1906, p. 232. 
5) ZEILLER 1906, p . 251. 
6) ZEILLER 1901 , p . 451. 
7) GOTHAN 1915, p. 267. 
8) JONGMANS und GOTHAN 1925, p . 296. 
9) GRAND'EURY 1877, p. 519. 

10) ZEILLER 1906, p. 181. 
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East Asia by ZEILLER 1) , where it is found in association with Taeniopteris 
multinervis. If the presence of Stigmaria is used as a criterion for 
Carboniferous age, as is done by GOTHAN, then Taeniopteris multinervis 
may be found in the Carboniferous too. In this respect GOTHAN draws 
the boundary lower than the other authors. 

From Southern Yun-Nan, ZEILLER 2), mentions Stigmaria from the 
same locality as Gigantopteris nicotiaenifolia, from strata which are 
doubtless of Permian age. He also mentions the occurrence of similar 
forms from the Triassic of Baccarat, described by FLICHE 3) as Stigmarites, 
but which, according to personal observations by ZEILLER 4) , differ in 
nothing from Stigmaria. Moreover the occurrence of Stigmaria, may be 
called rat her probable in the strata which contain Sigillaria, as is the case 
in the Permian formation. 

As well as the decisive value of the occurrence of Taeniopteris multinervis 
and Callipteris conferta, which even by ZALESSKY are considered to occur 
in Permian strata only, can be doubted, as has been done by GOTHAN, the 
same may be the case with that of Stigmaria for Carboniferous strata, 
though GOTHAN considers it to be a rather decisive point. 

The only remaining argument against Permian age is the occurrence of 
the genus Lepidodendron. But L. felis oculis, which is e1sewhere known 
from the above mentioned East Asian strata only, must be left out of 
consideration. And also the other specimens, which much resembles L. 
Gaudryi from Commentry and from the East-Asian localities, originates 
from these transitional strata; as long as no more localities are known, it 
should be used as an argument against Permian age with at least the same 
reserve as GOTHAN 5) expresses for L. Schmalhauseni Zal and L. 
kirgisca Zal. 6). 

If the list, given above, on the preliminary character of which stress 
should be laid, is considered, it beccimes obvious that Pecopteris Verbeeki 
J. et G., Tobleria bicuspis J. et G., Dadoxylon spec. and Cyclopteris spec. 
are of no value for determining the age. The same is the case with the 
specimens mentioned as Pecopteris cf. Miltoni, as long as they have not 
been investigated more carefully; but it is interesting to see, that SCHENK 7) 
mentions similar forms from Lui-pa-kon in Hu-nan from strata which 
certainly are not older than those from Djambi. From the remaining forms 
the three species of Pecopteris, Callipteridium gigas, Taeniopteris 
multinervis, Gigantopteris americana, Sigillaria Brardi, Calamites Suckowil 
and Sphenophyllum oblongifolium have been found in Permian strata; 

I) ZEILLER 1901. p. 438, pI. 7, fig. 8. 
2) ZEILLER 1907, p . 492, pI. 14, fig . 18. 
3) FLICHE 1906, p. 138, pI. 13, fig. 2. 
4) ZEILLER 1907. p . 493. 
5[JONGMANS und GOTHAN 1925, p . 298. 
6[ZALESSKY 1918, p. i9, pI. 4, fig. 5, Sa ; p. 53, pI. 12, fig. 5. 
7) SCHENK 1883, p. 230. 
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Lepidodendron felis oculis, L. Caudryi together with Taeniopteris multinervis 
in strata which according to ZEILLER 1), are of permo~carbonif~rous age. 
The only possible argument against Permian age, ex cept the occurrence 
of Stigmaria ficoides, which has been discussed above, is the occurrence of 
Cordaites borassifolius, which has not yet been mentioned from the Permian. 
The delimitation of the "species" of Cordaites, however, is rather difficult 
and analogous forms are known from the Permian too. 

As a species, characteristic for Permian strata, only Taeniopteris 
multinervis and Gigantopteris americana 2) can be mentioned. 

As far as data are available, they indicate that the fossil flora of Djambi 
shows most resemblance with the Gigantopteris flora of Eastern Asia and 
especially with the lowest part of it. Even if the boundary between 
Carboniferous and Permian formation is traced as high as possible, even 
then some arguments are left for a Permian age. Therefore it seems 
reasonable to indicate these strata as lower Permian or eventually as the 
transition, carboniferous~permian, as has already been done 3). For a 
more detailed opinion one should also take in account the results of the 
study of the marine fossils, which occur intercalated between the plant 
bearing strata. 
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Chemistry. - Equilibria in systems, in which phases, separated by a 
semipermeable membrane. XXIII. By Prof. F. A. H. SCHREINEMAKERS. 

(Communicated at the meeting of June 25, 1927). 

lnfluence of the temperature and the pressure on osmotic systems. 

We take the osmotic equilibrium: 

EI: E 2 (1) 

in which we keep constant the total composition of each of both the 
separate systems at the left and at the right of the membrane. In order 
to find the number of licences of this equilibrium, we can use a.o. the 
membrane~phase~rule. (Comm. VII and VIII) viz.: 

an osmotic equilibrium, which contains at the one side of the mem~ 
brane nl components in rl phases and at the other side n2 components 
in r2 phases, has, when there are d diffusing substances : 

(2) 

licences. If there is one diffusing substance only, as in the cases which 
we considered til! now, th en the osmotic equilibrium has, therefore: 

nl + n2 - (rl + (2) + 3 - 1 = (nI - rl + 2) + (n2 - r2 + 2) - 2 (3) 

licences. Consequently we can say: 
the number of licences of an osmotic equilibrium with one diffusing 

sub stance is equal to the sum of the licences of both the separate systems, 
diminished with two. 

If we keep constant, as in (1), the total composition of each of the 
separate systems, th en each has two licences, viz. the temperature and 
the pressure; consequently the osmotic equilibrium (1) has 2 +2-2=2 
licences. 

We now take the osmotic equilibrium: 

[(EI)p. : (E2)pJT . (4) 

in which at the temperature T a pressure PI is at the left of the mem~ 
brane and a pressure P2 at the right. Of the th ree variables, viz. PI P2 

and T we may take two arbitrarily, therefore. If we change the tem~ 
perature with dT and the pressures at the left and the right of the 
membrane with dPI and dP2 th en (4) passes into the osmotic system: 

[(Edp.+dP. : (E2)p,+dp,lr+dT . (5) 

Then the O. W. A. at the left and at the right side of the membrane 
has increased with: 
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in which 6HI and 6 VI represent the osmotic increase of entropy and 
volume of the system EI; 6H2 and 6 V 2 represent the same for the 
system E2 • 

In order to keep equal the O. W. A . on ·both sides of the membrane. 
we must satisfy. according to (6): 

(7) 

from which appears. in accordance with above. that we may take arbi~ 
trarily two of the three increments. 

With the aid of (7) we are able to deduce different properties. Pre~ 
viously we have deduced a .o. that we can change the pressure on both 
sides of the membrane in an osmotic equilibrium at constant temperature; 
those changes in pressure dP I and dP2 must satisfy th en formula (5) of 
communication XX. viz. : 

6VI .dPI =6V2 .dP2 (8) 

which also follows at once from (7) if we put herein dT = O. 
As special case of (4) we mayalso take the osmotic equilibrium: 

(EI: E 2)F . T (9) 

in which the pressure is the same on both sides of the membrane; as 
by this the number of licences decreases with one. (9) therefore. has 
instead of two. one licence only. Consequently to each temperature T 
belongs a definite pressure P of the osmotic equilibrium; we are able to 
represent. therefore. the connection between temperature and pressure 
in a PT~diagram by a curve. which we shall call .. the PT~curve of the 
osmotic equilibrium"; in fig. 1 such a curve is represented by aual ' 

An arbitrary point u of this curve indicates. therefore. that at the tem~ 
perature Tu = 0 UI the pressure on both sides of the membrane must 
be Pu = UI U and reversally. that we must take a temperature Tu = 0 UI 

when the pres su re on both sides of the membrane is Pu = UI u. 
The direction of this PT~curve follows from (7); if we put viz. 

dP I = dP2 = dP then we find: 

dP _6HI -6H2 _6H2 -6HI 

dT- 6V]- 6 V 2 - 6V2 -6VI 
(10) 

If we represent the heat of diffusion and the osmotic increase of volume 
at the transition of a little water from system E 2 towards EI (or from 
EI towards E 2) by Q2.1 and V 2.1 (or QI.2 and Vl.2). then (10) passes into: 

(11) 

which formula has the same form as that of CLAPEYRON; however. the 
magnitudes occurring in the second part have another meaning. 
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It numerator and denominator in (10) or Ol) have the same sign, 
th en the pressure of the osmotic equilibrium increases with increase of 
temperature; then the PT~curve is a curve, ascending with the temperature, 
as curve a al in fig. 1 or branch a u b in fig. 2. If numerator and 
denominator have opposite sign, then the pressure decreases with increase 
of T; then the PT~curve is a curve, descending with the temperature, 
as branch al v b in fig. 2. If the numerator becomes zero, th en the pressure 
is maximum or minimum; if the denominator becomes zero. th en the 
temperature is maximum or minimum. In fig. 2 the temperature is a 
maximum in b; consequently the osmotic equilibrium (9) cannot exist. 
above th is temperature Tb. If we heat it notwithstanding above this 
temperature Tb. then. therefore. water must diffuse in any direction and 
another osmotic equilibrium must be formed; we shall refer to this later. 

In order to apply our considerations to a definite case we take instead 
of (9) the osmotic equilibrium: 

[Y+L:LsJp,T. (12) 

in which at the left side of the membrane the binary system Y + Land 
on the right side a ternary liquid Ls. If we assume that fig. 1. 111 is 
valid for a definite Pand T of (12), then the liquid at the left of the 
membrane has the composition w; the liquid s at the right of the membrane 
is represented th en by a point of the isotonic curve w m (fig. I, 111). 
If we represent the O. W.A .. the osmotic increase of entropy and volume 
of the left system by ç. LH and LV and those of the liquid s by 
ç.. LH. and L V.. th en we have: 

dç = LH . dT - LV. dP dçs = LHs • dT- LV •. dP. (13) 

The direction of the P. T~curve of (I2) is then defined by: 

dP LH-LH. 
dT- LV-LVs • 

(14) 

Of the many imaginable cases we shall discuss only some; for this 
we shall assume that L Vs. LHs and LH are positive and that 
LH> LHs ; the numerator of (14) is then always positive. Further we 
distinguish the two cases: 

A. L V is always positive and greater than L Vs. 
B. If we represent the composition of the liquid L. saturated with 

solid Y by: y Mol Y + (l-y) Mol. water, th en for small values of y 
L V is positive and larger than L V s ; for greater values of y. however. 
L V is negative. Previously we found (formula 1 Ü" of Communication 
XIX) for LV: 

(15) 

in which V and V y represent the molecular volumina of the liquid L 
and of ~he solid substance Y. From this and from the considerations in 
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Communication XIX it appears that the case A can occur only then. 
wh en the solid substance Y melts with increase of volume. and case B 
when this melting takes place with decrease of volume. 

A. In the case A numerator and denominator of (14) are always 
positive; consequently the PT~curve of the osmotic equilibrium (12) is a 
curve ascending with the temperature. f.i. curve a u al of fig. 1. In order 

J<'; 
..A 
• 

f-- ... ""Jo ,) ~ 
.Q/ , 

0--.-' --7 u, 
Fig. 1. 

to keep the system (12) in osmotic 
equilibrium with increase of tempe~ 
rature we also have to increase the 
pressure on both sides of the membrane . 

As. therefore. the osmotic equili~ 
brium (12) only exists at temperatures 
and under pressures. which are 
represented by points of the PT~ 
curve. we may put the question : 
what will take place. if we choose 

a temperature and a pressure. which are represented by a point which 
is not situated on the PT~curve. Let us take the osmotic equilibrium : 

[Y + L : Ls ]pu. Tu . (16) 

which is represented in fig. 1 by the point u of the PT~curve a al . 
While the pressure remains constant. we bring the temperature to 
Tu + dT; we then have the osmotic system : 

[Y + L : L. Jp". Tu + dT (17) 

which is represented in fig . 1 by a point in the vicinity of u and on a 
horizontal line going through this point u. We may imagine this point. 
which we shall call u'. in one of the extreme points of the horizontal 
arrows. drawn through point u; for dT > 0 u' is situated at the right. 
for dT < 0 at the left of the point u. 

As dP is zero in the point u'. it follows from (13) for the change of 
the O. W.A. at the left and the right of the membrane: 

d;=l'::.H . dT d;. = l'::.Hs • dT . (18) 

in which. according to our assumption l'::.H > l'::.Hs • Consequently. as is 
indicated also in fig . 1. for dT > 0 is : ; >;.; for dT < 0 is ; < ;s. 

If we bring. while the temperature remains constant. the pressure to 
Pu + dP. th en we have the osmotic system: 

[Y+L : Ls ]Pu·+dP.Tu . (19) 

which is represented in fig. 1 by a point in the vicinity of u and in 
one of the extreme points of the vertical arrows. drawn through point 
u. As now dT is zero. follows from (13) for the change of the O . W .A . 
at the left and at the right of the membrane: 

d; = - l'::. V . dP d;. = - l'::. V s . dP (20) 
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in which, in accordance with our assumption is 6, V > 6, Vs. For 
dP > 0 is, therefore, ~ < ~s and for dP < 0 is ~ > ~s . 

We may summarise this and the previous in the following way. IE 
in the osmotic system: 

(21) 

P' and T' are a pres su re and a temperature, which are represented : 
1. by a point of the PT~curve, then the system is in osmotic equi~ 

librium and nothing happens ; 
2. by a point at the right or below the PT~curve (fig. 1) then is 

~ > ~ s and consequently water diffuses from right to left; 
3. by a point at the left or above the PT~curve (fig. 1) th en is ~ < ~s 

and consequently water diffuses from left to right. 
This diffusion of water, with which each of both the separate systems 

changes its total composition, continues till the O . W .A . on both sides 
of the membrane, is equal again. 

B. As, according to our supposition, the denominator of (14) is positive 
for small va lues of g, therefore, at low temperature and pressure, but 
negative with greater values of g, this must be zero in a definite point 
b of the PT~curve, consequently at a definite temperature Tb and under 
a pressure Pb. Therefore, the PT~curve has in the point b a vertical 
tangent and consequently it consists of a branch a b, ascending 

p 

I 

with the temperature and of a branch 
al b descending with the temperature 
(fig. 2). On branch a b is 6, V > 6, V s 

and consequently the denominator of 
(14) is positive ; on branch a, b is 
6, V < 6, V s and consequently the de~ 

nominator of (14) is negative. 
0"------..... ----- Therefore, the osmotic equilibrium (12) 

T can exist no more at temperatur~s higher 
Fig. 2. than Tb; at lower temperatures it can 

occur at every temperature under two different pressures. 
In a similar way as above we now deduce with the aid of (18) and 

(20): if in the osmotic system: 

[Y + L : L. ]p' . T' • (22) 

P' and T' are a temperature and pressure, which are represented : 
1. by a point of the PT~curve, then the system is in equilibrium and 

nothing happens ; 

2. by a point outside the PT~curve (fig. 2) , then is ~ > ~s and conse
quently water diffuses from right to left; 

3. by a point within the PT~curve (fig. 2), then is ~ < ~s and conse~ 
quently water diffuses from left to right. 

We are able to deduce the above also in another way, f.i. with the 
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aid of the P ~~diagram. which we have al ready discussed in Communi~ 
cation XXI. The system Y + L has viz. at each Tand P a definite ~; 
if we change either the T or the P. then. therefore. also changes the ~ 
viz. the O. W.A. Under constant pressure we are able to represent the 
connection between the Tand the O. W.A. in a T ~~diagram by a curve. 
which we may call the .. T ~~curve" of the system. H we keep the tempe~ 
rature constant. then we can represent in a P ~~diagram the relation between 
the pressure and the O. W.A.; we then get the P ç~curve of the system. 

In fig. 1. XXI is represented the P ç~curve of a system Y + L by 
curve cf [; this is deduced in the supposition th at the osmotic increase 
of volume 6, V of this system is positive under lower pressures. that it 
is zero in the point f and negative under higher pressures. As this 
supposition is the same as in the case B. discussed above. the P ~~curve 
in this case B will have also a form as curve cf [ in fig. 1. XXI; in 
fig. 4 is drawn also a similar curve cf [. 

H. however. as we have done in case A. we assume that 6, V is 
always positive. then follows. as dç=-6, V.dP. that the Pç~curve is 
a curve. descending with the pressure. as curve cu [ in fig. 3. 

We now shall indicate in those figs. 3 and 4 also the P ç~curve of 
the liquid L.; as. according to our supposition. 6, V s is positive. it is 
also a curve. descending with the temperature; in both figures it is 
represented by the dotted curve s t. 

A. In the case mentioned above sub A fig. 3 is valid. in which u is 
the point of intersection of the two Pç~curves; of course this figure is 
valid only for a definite temperature. which we shall caU Tu. The change 
of the O. W.A. of the system Y + Land that of the liquid L. is defined 
at constant temperature by: 

dç=- 6,V.dP dç. = - 6, V s • dP . (23) 

in which. according to our supposition 6, V> 6, V s ; hence follows that on 
p the right si de of the point of 
S intersection branch u [ is situated 

below branch ut (viz. ~ < ~.) and 
on the left side of this point curve 
c u is situated above su (viz. ~ > çs); 
consequently both curves are 
situated with respect to one another o p as is drawn in fig. 3 and they have 

4 only one point of intersection. 
ti' therefore. This point. in which is 

Fig. 3. ç = ç.. represents the pressure 
P. = Oz. belonging to the temperature Tu. under which the O. W.A. is 
the same on both sides of the membrane; consequently Tn and Pu are 
corresponding temperature and pressure of the PT-curve of the osmotic 
equilibrium (12); they are represented in fig. 1 by point u. 
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If we take in fig . 3 a pressure smaller than Pu = Oz. then is. as 
branch c u is situated above s u. ~ > ~. ; for pressures greater than Pu 
follows ~ < ~. Going in fig. 1 from point u towards lower pressures. 
we must arrive in the field. wh ere is ~ > ~.; going towards higher 
pressures. we must ~rrive in a field. where is ~ < ~.. This is in 
accordance with the position of both fields. which we have deduced 
already above in another way. 

As we have seen al ready above. fig. 3 is only valid for a definite 
temperature. which we called Tu. If we bring the tempera tu re to Tu + dT. 
then both the P~~curves change a little their position and form; from 
(13) follows for constant pressure : 

d~ = 6H . dT d~s = 6 Hs • dT . (24) 

by which the vertical shifting of each point of both the curves is defined. 
As 6 H and 6 H. both are positive. both curves shift towards above. 
therefore. with increase of temperature ; as. according to our supposition 
6 H > 6 H s each point of curve c Z. therefore. shifts somewhat more 
towards above than the corresponding point of curve st ; the point of 
intersection u of the two curves is displaced. therefore. a little towards 
the right. consequently towards a higher pressure. Hence appears. therefore. 
that in case A the pressure of the osmotic system increases with increase 
of temperature; in accordance with previously we find . therefore. that 
the PT-curve consists of a curve ascending with the temperature. as 
in fig. 1. 

B. In the case. mentioned sub B is valid fig . 4. in which both the 
P~~curves intersect one another in the two points u and v; just as above 
we find that both curves are situated with respect to one another as 
is drawn in fig . 4; the left point of intersection u is situated always 
between c and f; the right point of intersection v can be situated as 
weIl between u and f as between f and l. 

As in each of both points of intersection ~ = ~s. therefore at the 

o 
Fig. 4. 

temperature. for which fig. 4 is 
valid. two pressures Pu and Pu exist. 
under which the osmotic equili~ 

brium (12) can exist; this is in 
accordance also with fig . 2. in 
which u and v represent the cor~ 

responding points u and v of fig. 4. 
H we take in fig . 4 a pressure 

smaller than Pu or greater than 
Pu. th en is. as appears from the 
position of both curves. ~ > ~s ; if 

we take a pressure between Pu and Pu then we see that ~ < ~s. Conse~ 
quently in fig. 2 we must have a field . in which ~ > ~s below point u 

and above point v; between point u and point v must be situated a 
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field. in which t < ts; this is in accordance with the position of those 
fields. which we have deduced above already. 

As. with increase of temperature. both curves of fig. 4: shift towards 
above. but each point of curve cf I more than the corresponding point 
of curve s t. the point of intersection u must be removed towards the 
right and the point of intersection v towards the Idt. With increase of 
T. therefore. a temperature comes. at which the two curves touch one 
another in a point b. situated between c and f. In accordance with 
fig . 2 we find. therefore. that a definite temperature Tb exists. at which 
the osmotic system (12) can exist still only under one single pressure. 
viz. Pb. 

If we raise the temperature still further. th en the two P t-curves do 
no more intersect one another; consequently the osmotic equilibrium 
can exist no more. In accordance with fig. 2 also appears that t> ts . 
so that (12) now is an osmotic system. in which water will diffuse from 
left to right as long as till a new system is formed. in which the O. W .A. 
is equal on both sides of the membrane. 

Leiden. Inorg. Chem. Lab. (To be continued). 



Serology. - Concerning the Transmutant of the Tubercle-bacillus 
BTTx as Tuberculosis-diagnosticum. By C. H. H. SPRONCK. 
K. HOEFNAGEL, W. HAMBURGER and A. J. BOEKELMAN. 

(Communicated at the meeting of March 26, 1927). 

After the discovery of GRUBER-WIDAL'S test for typhus abdominalis 
researchers tried to perform this serum-reaction also in cases of tuber
culosis. In 1898 ARLOING and COURMONT reported at the Congress for 
Tuberculosis at Paris, th at they had succeeded in this effort by 
employing tubercIe-bacilIi that grow homogeneously in glycerin-bouillon. 
The difficulty, however, was th at they had to work with low serum
dilutions. They considered the reaction as positive and specific already 
when agglutination to ok place in the dilution 1 : 5. Agglutination in the 
dilution 1 : 20 was a high titre, and the titre 1 : 30 was seldom reached. 

Fine emulsions of tubercle bacilli obtained in diverse ways (ROBERT 
KOCH, V. BEHRING and others) yielded about the same result. 

Erelong it appeared that neither the tubercle bacilli of ARLOING and 
COURMONT, nor artificial emulsions answered the expectation. On the 
one side the result of the agglutination-test turned out negative in a rather 
considerable number of indubitable cases of tuberculosis, on the other side 
positive results we re not infreqently obtained in patients with other diseases 
or in apparently healthy persons. This condemned the methad as to its 
practical use. Befare long it was abandoned altogether and replaced by 
complement-fixation. Most research ers hold that the agglutinating action 
of human serum on the tubercIe-bacilIus is not owing to immune
agglutinins but to normal- or para-agglutinins. 

TubercIe-bacilIi are na doubt agglutinable, for by treating men and 
anima Is with killed tubercle-bacilli the blood gets rich in immune
agglutinins, and the agglutination-titre can rise high. But the agglutin
ability of the tubercIe-bacilIi is apparently too slight to distinguish small 
quantities of immune-agglutinins from normal-, and para-agglutinins. 

In 1921 there appeared two more papers on agglutination of the 
tubercIe-bacilius. VAUDREMER 1) had discovered a variation of the 
tubercIe-bacilIus, which was agglutinated by a highly diluted serum from 
tuberculous patients. VAUDREMER'S variation consisted of non-acidfast 
GRAM-positive elements, appearing partly as ramified and moniliform bacilli 
with swollen ends, partly as ovoid farms and diplococci. The agglutin
ation titre of the serum from tubereulaus patients could be as high as 
1 : 500. No investigations we re made wh ether this variation couId serve 
practical diagnostic purposes. 

1) A. VAUDREMER, C.R. de la Société de Biologie, T. 85, p. 1055, 1921. 

42 
Proceedings Royal Acad. Amsterdam Vol. XXX. 



644 

The second publication is by W. FORNET 1). who ungreased tubercle
bacilli with aether-vapour at 40° C. for 6-8 hours. by which process the 
bacilli lost a great part of their acid-fastness. The sera from 132 tuber
colous patients gave in 93 % of the cases positive agglutination in 
dilutions from 1 : 60 to 1 : 800. whereas the sera from 44 non-tuberculous 
subjects did not reveal th is reaction in 95 % of the cases. 

FORNET'S diagnosticum. however. seemed to have peculiar defects. 
According to BIGNAMI 2) the reaction not seldom turned out positive with 
apparently healthy persons and was almost invariabI)' positive with luetici. 
Furthermore the reaction was not infrequently negative in tuberculous 
patients. Strange to say. BIGNAMI could not Eind any rods in the emulsion. 
In a second paper 3) this observer recorded that FORNET'S diagnosticum 
was made up of a 6 % solution of monopotassium-phosphate and a small 
quantity of acid-fast rods. KOHLER 4) found the agglutination-titre in 
patients suffering from malignant tumours sometimes higher, then again 
low. According to SZYMENSKI 5) the emulsion was as clear as water! 
SALUS 6) found a high titre in the puerperium and also in gravidae. We 
may conclude therefore. that FORNET'S diagnosticum has proved to be 
impracticable for unknown reasons. 

New findings are not infrequently due to chance. Truth to tell. this 
also holds good for our tuberculosis-diagnosticum. By growing tubercle 
bacilli on media , whose composition was gradually altered. SPRONCK and 
HAMBURGER 7) obtained from three typical strains (1 bovine and 2 human) 
the same variation with qualities not less stabIe than those of the original 
strains. This induced them to consider the altered bacillus as a true 
transmutant, which was called tuberculosis transmutatus x (BTTx). It 
was naturally surmised that an error, contamination, symbiosis etc. had 
come into play. In order to re move every doubt they tried to find new 
evidence. The serum from tuberculeus patients was examined for agglu
tinins. But they met with a difficulty. viz . that one serum had a high 
titre, the ot her a low one. To elucidate th is fact a systematic investigation 
of many sera was necessary. The result of this investigation was a perfect 
success. The transmutant proved to be a suitable tuberculosis diagnosti
cum. and this is at the same time a new and reliable proof of its true 
descent from the tubercle bacillus. 

We have worked with young transmuted tubercle bacilli. 24-48 hours 
old. grown on asolid agar-medium and washed with physiological salt-

1) W . FORNET, Annales de I1nst. PASTEUR. T. 35, p. 797, 1921 and DeutschesArch. 
f. Klin. Med. Bd. 138, p. 229, 1922. 

2) G. BIGNAMI, Tuberculosi Bd. H, NO. 12, 1922. 
3) G. BIGNAMI, Tuberculosi Bd. 15, NO. 4, 1923. 
i) A. KOHLER, Ber!. Klin. W. Jg. 2, NO. 14, 1923. 
5) N . SZYMENSKI, Schw. med. W., Jg. 5~, 1924. 
6) G . SALUS, Med. Klinik, Jg. 20. NO. 10, 1924. 
7) C. H. H. SPRONCK and W . HAMRURGER. Geneeskundige Bladen. Reeks 25, NO. 3, 1926. 
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solution. to which 0.2 % formol had been added. In this way it is easy 
~o get homogeneous suspensiöns. which show no trace of spontaneous 
agglutination and subside slowly. Even through brisk centrifugation it 
is not easy to clarify the suspensions. The agglutinability remains 
unchanged for weeks. but we have been careful to use only suspensions. 
not older than 14 days. Living and dead bacilli are equally agglutinable. 
In the formol-suspensions the bacilli are killed oH only af ter a few days. 
more rapidly in the incubator than at room-temperature. Furthermore we 
took care that the denseness of the suspensions was always equal. To 
prevent errors incident to inhibition. the sera were allowed to stand for 
some days. If one wishes to ex amine fresh serum. heating for Yz hour 
at 55° C. is necessary. We used exclusively the following six serum
dilutions: 1: la. 1: 50. 1: 100. 1: 200. 1: 300. and 1 : 400. We did 
not go further in determining the titre-limit. We did not like to enter 
into details. because our chief concern was to ascertain whether in applying 
the transmutant the stumbling-block of the irregularities should disappear. 
that induced us to abandon the earlier methods. Details would be in 
place. as we thought. only after a solid basis had been established on 
which to build. 

Of each dilution 2 cc. were put into ordinary agglutination-tubes. to 
each tube 0.1 cc. suspension was added and af ter stirring with a glass 
rod the tubes remained standing at 38° C. After 3 hours readings we re 
taken with the hand-lens. Af ter the tubes had stood at room-temperature 
till the next day. readings were taken again. As a rule the reaction is 
accomplished within 2 hours with coarse flocculation. The clumps can 
subside rapidly so that already after 2 hours a white deposit lies on the 
bottom and the supernatant fluid is cleared. But the reaction may be 
tardy. when fin er clumps are formed that sink more slowly. and in this 
case the results of the two readings may be different. If for instance. 
after standing for 3 hours at 37° . it is still doubtful whether the titre 
1 : 200 has been reached. a precipitation may be distinctly visible in this 
dilution the next day. 

The distinctess of the agglutination is equal to that with GRUBER-

WIDAL'S test. No precipitation is noticeable after 24 hours either in the 
control-tubes or in the tubes in which agglutination does not occur. Even 
af ter 2. nay 3 days the result can still be read. 

The 4 transmuted strains at our disposition when starting the 
investigation (their present number amounts to 7) appeared not to be 
equally agglutinable. The human strains VI and VIII gave most 
satisfactory results. We have used strain VI because its growth was 
quicker and more luxuriant than that of VIII. At present this diHerence 
does not exist any more. 

We examined sera from men. cows and horses. By far most human 
sera were taken from adults. partly our own patients. attended at 
St. Antonius-Hospital at Utrecht. We also received sera from our 

42* 
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colleagues J. H. AKKERMAN. A. J. G. ATHMER. S. G. T. BENDIEN. G. J. 
DE BOER. G. J. BON. W. F. ENKLAAR. H. B. GOETSSCH. J. HOOGKAMER. 

L. C. KERSBERGEN. E . S. M. VAN LIER. J. M. ROELVINK. P. ROORDA. 

R. RUTTEN. and B . SUERMONDT. to all of whom we feel indebted for 
their kind assistance. 

Table I illustrates the indubitable cases of tuberculosis; table 11 the 

T ABLE 1. Tuberculous-patients. 

NO. I Diagnosis not doubtful. 

2 

3 

i 

5 

6 

7 

Pulmonary Tuberculosis far-advanced 

Surgical Tuberc. far-advanced 

8 Pulmon. Tuberc. far-advanced 

9 

10 Old lung-process stationary 

11 PuJmon-Tuberculosis 

12 

13 

ti 

15 

16 

17 

18 Surgical Tuberculosis 

19 

20 

21 

22 Incipient Pulmon-T uberculosls 

23 Pulmonary Tuberculosis 

2i Peritonitis tuberculosa 

25 

26 

I Titre 

< 1: 10 

1 : 10 

1 : 10 

1: 10 

1: 10 

1 : 50 

1: 50 

1: 50 

1 : 50 

1: 100 

1: 100 

1 : 100 

1 r 100 

1: 100 

1: 100 

1: 100 

1: 100 

1: 100 

1: 100 

1: 100 

1: 200 

1: 200 

1 : 200 

1 : 200 

1: 200 
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TABLE 11. Tuberculous-patlents? 

NO. I DIagnosis 
I 

Titre Notes 

Peritonitis tuberculosa ? 1 : 10 

2 1 10 v. Pirquet 

3 Tuberculous Otitis 1: 10 + 
i Vague complaints. tuberculosis 1: 10 

5 Tuberculosis ? Difference of opinion between 
two physicians 1 : 10 

6 Adnexitis tuberculosa aut gonococcica? 1: 10 

7 Suspicious swelling of the cervical glands 1 : 10 

8 Tuberculosis? Difference of opinion between 
two physicians I: 10 

9 Struma. Plus tuberculosis ? I: 10 

10 Tuberculous bronchlal glands? 1 : 10 

11 Vague complaints 1: 10 

12 Inciplent pulmonary tuberculosis ? 1: 50 

13 Peritonitis tuberculosa? 1: 50 

14 1: 50 

IS Tuberculous ear-suppuration ? I: 50 

16 Peritonitis tuberculosa ? 1: 50 

17 Pulmonary-tuberculosis ? 1 : 100 v. Pirquet + 
18 1 : 100 + 
19 1: 100 + 
20 Morbus Addisonii. Tuberculosis? I : 100 

21 Suspicious noduli near the lung-hilus I: 100 

22 Morbus Basedowi. Also tuberculosis ? 1: 100 

23 Abdominal-tuberculose ? 1: 100 v. Pirquet + 
2i Suspicious ear-suppuration ? 1: 100 + 
25 Tuberculous ear-suppuraration ? 1: 100 + 
26 Pulmonary-tuberculosis ? 1: 100 

27 Vague complaints. Tuberculosis? 1: 100 

28 Suspicious symptoms 1: 100 

29 Pulmonary tuberculosis? 1: 200 v. Pirquet weak + 
30 Incipient pulmonary-tuberculosis? 1: 200 + 
31 Habitus phthisicus. Coughing 1: 200 

32 Pulmonary hemorrhage or simulation ? 1: 300 v. Pirquet -

33 Suspicious chronic bronchitis 1 : iOO no bacilli found in sputum 
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TABLE 111. Sufferers from divers diseases or apparently healthy men. 

NO. I Diagnosis Titre 

Nephrolithiasis < 1 : 10 

2 Carcinoma ventriculi < 1: 10 

3 Nephritis < 1: 10 

4 Hypertrophia prostatae < 1 : 10 

5 Myelogenic leukaemia < 1: 10 

6 Paroxysmal hemoglobinuria < 1: 10 

7 Carcinoma ventriculi < I: 10 

8 Rheumatismus chronicus 1: 10 

9 Apparently healthy 1 : 10 

10 Lues 1 : 10 

11 Nephritis 1. 10 

12 Biliary colic 1: 10 

13 Carcinoma ventriculi 1 : 10 

14 Streptococcal sepsis 1 : 10 

15 Taboparalysis 1 : 10 

16 Carcinoma recti 1 : 10 

17 Gravida. Apparently healthy 1 : 10 

18 Carcinome of the port. vag. uteri 1 : 10 

19 Fibromyoma uteri 1 : 10 

20 Pneumonia and erysipelas 1 : 10 

21 Struma 1 : 10 

22 1: 10 

23 Chronic rheumatism 1: 50 

24 Congenital lues 1 : 50 

25 Hypertension 1: 50 

26 Hernia inguinalis 1 : 50 

27 Headaches 1 : 50 

28 Apparently healthy 1 : 50 

29 Chronic rheumatism 1 : 100 

30 Achylia gastrica 1 : 100 

31 Morbus Basedowi 1 : 100 

32 Fibromyoma uteri 1 : 100 

33 Chronic rheumatism 1: 100 

34 Ascarides 1 : 100 

35 1 : 300 
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suspected cases, while table IV gives a survey of patients with divers 
diseases or apparently healthy subjects. The cases of each group are 
arranged according to the titre found, so that it is easier to survey the 
results, and (which is the chief thing) the difference between the results 
of the three groups can be seen immediately. 

With 26 tuberculous patients (Tabie I) the titre was in 16 cases 
(61.5 %) 1: 100 to 1 : 200; in 4 cases 1 : 50; in 4 cases 1 : 10; and 
in 2 cases smaller than 1 : 10. 

With 35 persons, suspected to be suffering from tuberculosis, (Tabie 11) 
the titre appeared to be in 17 cases (48.4 %) 1 : 100 to 1 : 400; in 5 cases 
1 : 50; and in 11 cases 1 : 10. 

With 35 men suffering from other diseases or apparently healthy 
(Tabie 111) the titre amounted in 7 cases (20 %) to 1 : 100 or 1 : 300 ; 
in 6 cases 1: 50; in 16 cases 1: 10 and in 6 cases it was smaller 
than 1 :10. 

A comparison of the three tables tells us that the ti tres 1: 100 and 
higher are in the majority in Table I. in Table 111 in the minority and that 
in Table 11 they are nearly as numerous as the lower titres. On the 
other hand the number of ti tres 1 : 50 is about the same in the three tables. 

In Table I (the group of the tuberculous patients) the great difference 
between the ti tres is remarkable, ranging from lower than 1 : 10 to 1 : 200. 
In far-advanced cases as weil as in stationary or convalescent cases the 
titre appears to be lower than 1 : 100, in all other cases it is 1: 100 
or higher. 

That the titre goes down in far-advanced cases had already been stated 
by ARLOING and COURMONT. The agglutinins disappeared from the 
blood, while also the tuberculin-reaction th en became negative. This may 
be caused either by decreased production of antibodies resulting from 
exhaustion or increased consumption. It may be imagined that the 
agglutination-titre goes down when the tuberculous process is stationary 
or when the patient is convalescent. 

In the group of suspicious cases (Tabie 11) the titre is 1 : 100 or higher 
in nearly half the cases. In case N0. 32, with a titre of 1 : 300, the 
symptoms were so vague that we doubted whether hemoptysis was feigned 
or not. The patient with a titre of 1 : 400 suffered from a somewhat 
doubtful attack of bronchitis; no tubercle-bacilli we re found in 
the sputum. 

In case of an agglutination-titre 1 : 100 or higher the tuberculin-reaction 
appeared, as a rule, to be positive. Exceptionally, however, it was onlv 
slightly positive or even negative. It is remarkable that this exception 
occurred only in cases with a titre 1 : 200 (N0. 29) and 1 : 300 (N0. 32) . 
IE this exception should really appear to be due to a high titre, the 
research after the property of the serum of these patients to neutralize 
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the tuberculin. may gi.ve important results for our knowledge about the 
antibody of tuberculin (antituberculan). 

In the group of persons suffering from divers other diseases or 
apparently healthy men (tabie 111) the large nu mb er of cases with a titre 
of 1 : 10. or still lower (22 = 66.6 % ). is remarkable. But it is not less 
remarkable that in this table 7 cases occur with high titres. this looks 
rather serious. 

Of course. we did our utmost. and are doing so still. to ascertain 
whether in these cases a tuberculous proèess really exists. 

An inquiry into the case of achylia gastrica (N0. 30) yielded an 
astonishing result. The patient (a woman) had just spat some blood 
for the first time. After this she began to cough and expectorate. and a 
cavia~experiment proved the presence of tubercle~bacilli in the sputum. 

In the case of morbus Basedowi (N0. 31) the tuberculin~reactioll 

appeared to be markedly positive and röntgenoscopy revealed a focus 
in the lungs of a positivily tuberculous character. In fact it is notorious 
that an increased secretion of the thyroid gland is often complicated with 
a tuberculous pulmonary process of a comparatively benign character. 
A paper was published lately from the clinic of Prof. vON EISELSBERG at 
Vienna. on the frequent occurrence of this complication 1). 

A röntgen~examination also revealed in two patients with ascarides 
(No. 34 and 35) deviations of the lungs that bespeak tuberculosis. 

The case of chronic rheumatism N0. 29 concerns a girl of 19 years 
with pains in the extremities and habitus phthisicus. She does not cough. 
The attending physician assumes the possibility of tuberculous 
rheumatism. because the pains disappear in the intervals of rest. 

We are still intent on examining the three lastnamed cases and the 
the three remaining ones of this group. Our results of further research 
and observation also relating to the patients of table 11 with a titre of 
1 : 100 and higher. will be published in due time. 

Before entering up on our systematic investigation we had already 
examined a number of human sera to orientate ourselves. These cases 
are not comprised in the tables. first because we had worked with 
other dilutions and secondly because the sera were partly taken from 
patients. who had already been treated with transmuted tubercle~bacilli. 
which causes a rise of the titre. 

On the basis of the observations reported here we conclude. that the 
agglutination~experiment with the transmutant is a suitable test for the 
recognition of a tuberculous process in man. The results achieved in the 
groups 11 and 111 favour the view. that the agglutination titre is high 
already in the first stage of the disease. so that there is some prospect 
that by means of the transmutant the disease can be diagnosed betimes. 

I) O . SOSANI. Mitteilungen aus den Grensgebieten der Medizin und Chirurgie. Bd. IJ. 
H. 2. 1927. 
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Provisionally we look upon the titre 1: 100 as the lowest titre-limit 
pointing to tuberculosis. We say provisionaIly, as it is necessary to 
determine this limit more precisely. Since there is a basis solid enough 
to make it worth while continuing our investigations, we proceed to 
ascertain in the first place the significance of ti tres between 1 : 50 and 
1 : 100. If such a titre is found in a suspicious case, it is desirabIe to 
repeat the inquiry after some time. Wh en it is found that the titre has 
ris en, th is would then indicate tuberculosis and progression even though 
the titre 1 : 100 should not yet be reached. 

From the result of the examination of sera from cows and horses it 

appears that the agglutinability of the transmutant is about 20 times 
greater than that of the acidfast tubercle bacilli. So if we con si der 
agglutination through human serum in the dilution 1 : 100 to be positive 
and specific, this ag rees quite weIl with the titre-limit 1 : 5 indicated by 
ARLOING and COURMONT. They considered 1 : 20 as a high titre and the 
20 times higher titre (1: 400) is the highest we found thus faro As 
ARLOING and COURMONT still exceptionally met with higher titres than 
1 : 20 we suppose that the transmutant will also show titres of 1 : 500 
and 1 : 600. 

It seems doubtful whether the difference between the agglutinability 
of the acidfast tubercIe-baciIlus and th at of the transmutant is only 
a quantitative one. Perhaps an examination of the serum from patients 
with typhus or pneumonia will teIl us something about this, because 
according to BESANÇON and SARBONNES 1) in such cases ARLOING and 
COURMONT' s homogeneous tubercle-bacilli were not infrequently 
agglutinated in very strong serum-dilutions. 

The marked agglutinability of the transmutant must be owing to the 
fact that the adsorption of the immune-agglutinins is promoted 
considerably by the absence of the wax-cover enveloping the typical 
tubercIe-baciIlus. The transmuted tubercle-bacilli contain so little fat 
or waxy substance that they bum away in the flame without any 
crackling. This conception is supported by the fact that also the above
mentioned non-acidfast GRAM-positive variation of the tubercle bacillus 
of VAUDREMER 2) appeared to be particularly agglutinable, and that 
FORNET 3) could render typical tubercle-bacilli very agglutinable by 
treatment with aether-vapour. That the ectoplasm can imp ede the 
agglutination is also shown in FRIEDLÄNDER's bacillus, whose inag
glutinability disappears with a decrease of the size of the mucous cover 
under the influence of subcultivation. 

The wa x-cover of the tubercIe-baciIlus is, in our opinion not only 
answerable for its small agglutinability and its uselessness for complement-

1) Compt. rend. de la Société de Biologie, T. 67, p. 548, 1909. 
2) L.c. 
3) L.c. 
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fixation. but it also stunts its growth and hinders its application in 
vaccinotherapy. 

According to the researches by BURGI 1) and MAMLOK 2) the serum 
from the cow is richest in normal-agglutinins. which agglutinate all sorts 
of bacteria in a high degree. Next to the cow co me the horse. the pig. 
the sheep. the fowl. the goose. the pigeon. the dog. the rabbit. man .. the 
rat and the cavia. 

So it could be anticipated that the agglutination-reaction with the 
transmutant would prove unfit to distinguish the healthy from the tuber
culous cow. But ARLOING and COURMONT had recorded th at by means 
of their homogeneous tubercle-bacilli tuberculous cows could easily be 
distinguished. which. however. was denied by BECK and RABINOWITSCH 3). 
As it was possible th at this divergence of opinions might result from 
using different homogeneous strains with different agglutinability. we 
have also examined the agglutinating action of the serum from healthy 
and from tuberculous animals on the human transmutant VI. 

In most cases the animals were bIed before being killed. Whether 
the cow was tuberculous or not. appeared at the post-mortem 
examination. Furthermore we also examined the serum from two cows 
suffering from tuberculosis. which were in Prof. WESTER'S clinic at the 
Utrecht university. It is a pleasure to mention our indebtedness to Prof. 
WESTER. and Dr. BEIJERS. and to Mr. RUTGERS and Dr. DE GRAAF 
of the Utrecht abattoir for their kind collaboration. 

Table IV gives a general view of the agglutination-titres in tuberculous 
and non-tuberculous cows. It will be seen. that the titres range from 
1 : 100 to 1 : 600. In other words the serum from the cow contains such 
a large quantity of normal-agglutinins that the transmutant is useless . 
By using ARLOING and COURMONT'S homogeneous tubercle-bacilli BECK 
and RABINOWITSCH achieved the same result in 1901. The sera from 
healthy and tuberculous cows had the same titres. From their protocols 
it appears that the lowest titre was 1 : 5, the highest 1 : 30. The lowest 
titre found by us being 1 : 100 and the highest 1 : 600 it is evident. that 
the agglutinability of the transmutant is 20 times that of acidfast 
tubercle-bacilli. 

According to LANDSTEINER and others the normal-agglutinins disappear 
by the immunisation process and are replaced by immune-agglutinins. 
Since it has repeatedly been asserted that the former are less resistant 
to · heating than immune-agglutinins. we have availed ourselves of this 
opportunity to ascertain the influence of heating upon the ti tres of the 
sera from tuberculous. and non-tuberculous cows. The result is. that by 

1) BÜRGI. Archiv f. Hygiene, Bd. 62. p. 239. 
2) MAMLOK. Archiv f. Hygiene. Bd. 68. p. 95. 
3) M. BECK und L. RABINOWITSCH. Deutsche med. Wochenschr. 1901. NO. 10. S. 145. 
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TABLE IV. Tuberculous and non-tuberculous cows. 

Diagnosis I Titre l 
Inspection: luberculosis of a retropharyngeal I: 400 

Iymphatic glands 

2 Inspection: three tuberculous Iymphatic glands I: 600 
(two retropharyngeal and one bronchial) 

3 Clinical diagnosis : chronic tympanitis in con- I: 100 
sequence tuberculous. mediastinal Iymphatic 
glands. The section verified the dignosis 

4 Inspection: tuberculous. mediastinal Iymphatic I: 400 
glands 

5 Inspection: no tuberculosls I : 400 

6 Inspection: tuberculous bronchial and mesen- I: 400 
terial lymphatic glands 

7 Inspection: no tuberculosis I : 600 

8 Inspection : tuberculous retropharyngeal I ym-
phatic glands. one of which softened I : 600 

9 Inspection: no tuberculosis I : 600 

10 Inspection: no tuberculosis I : 400 

11 Inspection: tuberculous bronchial and mediasti- I: 400 
nal Iymphatic glands 

12 Inspection: free trom tuberculosis I : 400 

13 Inspection: tuberculous mesenterial and hepati· 
cal 1 ymphatic glands I : 600 

14 Inspection: free from tuberculosis I : 400 

15 

16 

17 

I: 600 

I: 200 

I: 200 

18 Clinical diagnosis : grave tuberculosis. Section : 
tuberculosis of mesenterial and hepatical 
lymphatic glands. pleura and longs I : 200 

heating the sera. diluted with the physiological salt~solution 1 : 10. for 
one hour resp. at 58. 59. and 60° c.. the agglutination~titre not only of 
the sera from the non~tuberculous. but also those from the tuberculous 
cows. felI and that in approximately the same degree. 

Our investigation of the sera from three healthy horses yie1ded the 
titres 1 : 400. 1 : 600. and 1 : 1000. We had. moreover the rare opportunity 
to examine the serum from a tuberculous horse in Prof. WESTER's 
University Clinic. Afterwards the clinical dia gnosis was confirmed by 
the section. The titre of the serum from this horse was 1 : 800. 
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Horse-serum, then, seems to be richer in normal agglutinins than the 
serum from cows, so that the agglutination-test is useless with hors es 
either. In fact it had long been known that serum from horses, which 
animals seldom contract tuberculosis, agglutinates acidfast tubarcle-bacilli 
in higher dilution even than cow's serum. ROBERT KOCH e.g. had found 
in 10 harses 8 times a titre of 1 : 25 and twice one of 1 : 50. When 
comparing these titres with ours, we see here again, that, just as with 
harses, the agglutinability of the transmutant is ab out 20 times greater 
than that of acidproof tubercle-bacilli. 

In conclusion we wish to answer the question whether the new 
diagnosticum can be applied in medical practice. We do not hesitate 
in answering it in the affirmative. In view of our experience the agglu
tination-experiment is a simple and useful methad to recognize tuberculosis 
in its early stage, when the complaints are still vague and the symptoms 
are not only inconclusive for tuberculosis but even remind us hardly or 
not at all of tuberculosis. If the reaction turns out positive, it can only 
benefit the patient, for the positive reaction will induce the attending 
physician to ob serve the serologic dia gnosis closely which may lead to 
the discovery of a latent tuberculous focus . 

While the positive tuberculin reaction indicates infection with tubercle
bacilIi, the positive result of the agglutination test is to be considered as 
an indication of a progressive tuberculous process either existing or 
having existed same time ago. We do not know how long the production 
of specific agglutinins continues af ter a tuberculous process has become 
stationary or has been cured. Experience will have to teach us this. 

It is evident, therefore, that the agglutination-experiment does not 
enable us to say whether a tuberculous process is "active" or "inactive" 
Many researchers hold that the problem can be solved by complement
fixation. But this reaction as weIl only indicates whether and how many 
antibodies are circulating in the blood, and in our opinion the 
agglutination-test is more reliable generally speaking, than complement
fixation. 

The agglutination-test is not only valuable for diagnostics, it mayalso 
be useful when the existence of tuberculosis is unquestionable. For just 
as complement-fixation, it is a suitable methad to determine the patients 
resisting power anyhow if the tuberculosis process has not been stationary 
for a considerable time and the patient has not been treated with a specific 
preparation containing agglutinagens of the tubercle bacillus, as e.g. 
KOCH 's bacillus-emulsion. This treatment, of course, may induce a one
sided increase of the agglutination-titre, and in this case the titre is not 
in any way indicative of other antibodies, th at are of significance for the 
defense. Agglutinins, as such, are of na importance for the defense but 
experience teaches us that during immunization the various functions of 
the antibodies generally increase in the same degree. So if many 
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agglutinins occur in the serum of a tuberculous patient, the anti~infectious, 
and anti~toxic action of the blood will. to all appearance, be equal. 

Conversely, a fall of the agglutination~titre in a patient with a progres~ 
sively tuberculous process is a critical symptom, which is regularly 
observed in far~advanced cases, and may result from a smaller production 
of antibodies as well as from profuse consumption e.g. through binding 
with antigens. 

As stated before, fall of the titre mayalso result from a prolonged 
stationary tuberculous process, or from a curing case, so that no or 
hardly any agglutinins pass from the tuberculous focus into the blood, 
and consequently the secretion of agglutinins gradually lessens. The 
symptoms manifested by the patient prec1ude a con fusion of the causes 
of the fall alluded to. 

Furthermore, the titre~determination can supply important indications 
for the vaccinotherapeutic application of transmuted tuberc1e~bacil1i. 

If the titre has already fallen much, little benefit can be expected 
from vaccinotherapy. Moreover a 10w titre warns us to be 
cantious. The fever of tuberculous patients is not chiefly elicited 
by tuberculin, but by a toxin, which is also present in the transmuted 
tuberc1e~bacil1i. If the agglutination~titre of a patient is high, his 
blood possesses also antitoxic properties and he tolerates the injections 
of comparatively large quantities of transmuted tuberc1e~bacilli 

better than a healthy, non~tuberculous individual. If however the 
agglutination~titre of the sufferer has sunk very low, the injection of a 
comparatively small quantity of transmuted tuberc1e~bacilli would evoke 
fever and other symptoms of poisoning, because the blood does not 
neutralize the poison of the bacilli. 

SUMMARY. 

1 0. The agglutinability of the transmuted tuberc1e~bacil1us x (BTTx) 
is about 20 times that of the typical acidfast tuberc1e~bacil1us, which is 
ascribed to absence of the wax~cover, which imp edes the adsorption of 
the specific agglutinins. 

2°. The blood~serum of tuberculous patients agglutinates the 
transmutant in dilutions from 1: 100 to 1: 400. The titre 1: 100 is 
provisionally considered to be the 10west titre~limit of the positive reaction. 

30. In a case of advanced tuberculosis, the agglutination~titre fa lIs 
and may even become less than 1 : 10. 

4°. The titre can sink 10wer than 1 : 100 if the tuberculous process 
has been stationary for a long time already or is recovering. 

50. In incipient tuberculosis the agglutination~titre is soon rather high. 
so that the disease may be recognized through the experiment at a time 
when there are still few complaints which heardly suggest the existence 
of tuberculosis. 
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6°. The serum from sufferets from other diseases. or apparently 
healthy persons has a titre mostly lower than 1 : 50 or even 1 : 10. The 
titre 1 : 10 warns us to look out for a tuberculous focus. 

70. In cases though only slightly suspicious the titre 1 : 50 necessitates 
a repetition of the agglutination-experiment af ter some time. 

80. If the agglutination-test turns out positive. the tuberculin action 
of v. Pirquet will also be positive. Exceptionally a weak or negative 
tuberculin reaction occurs with a positive agglutination. 

90. The sera from cows and horses are so rich in normal agglutinins 
that the transmutant is not fit to demonstrate the existence of tuberculosis 
in these animaIs. 

100. The suitability of the transmutant as tuberculosis-diagnosticum 
is a new evidence for its real descent from the tubercle-bacillus. 



Mathematics. - The Quadratic Birational Correspondence between 
Two Linear Complexes of Rays. By Dr. G. SCHAAKE. (Communi~ 
cated by Prof. HENDRIK DE VRIES). 

(Communicated at the meeting of April 30. 1927). 

§ 1. For aquadratie birational correspondence between two linear 
complexes of rays C and C', the lines l' that are associated to the 
lines I of a plane pencil w of C form aquadratie scroll e'2 of C', and, 
inverseIy, in such a correspondence a scroll e2 of C corresponds to a 
plane pencil w' of C'. 

In order to show that such correspondences between two given linear 
complexes of rays C and C' exist and to examine these correspondences, 
we make use of the representation of NOETHER-KLEIN 1) of the rays I 
of a linear complex C on the points L of a three~dimensional spa ce R3' 

This representation has the following properties. Among the lines I 
of C there is one cardinal line 11, The image points of 11 form a plane 
a. a contains a conic k 2 consisting of singular image points. To any 
point of k2 th ere corresponds a plane pencil of C whieh contains 11, A 
scroll in C of the order v that has a v-fold line in 1], is represented on 
a curve of the order v-v that cuts k2 in v-2v points. A curve of the 
order n whieh cuts k2 in s points, is the image of a scroll in C of the 
order 2 n-s that has an (n-sHold line in 11, To a congruence (f" f') 
that has a e~fold line in 11, there corresponds a surface of the degree 
2 f'-e of whieh k2 is a (f'-eHold conie. To a surface of the degree 
m that contains k2 m1~fold a congruence of rays (m-m1' m-md is 
associated that has an (m-2 m1)~fold line in 11, 

§ 2. First of all we shall prove that between any two given linear 
complexes C and C' aquadratic one-one correspondence may be indieated 
that associates a given line 11 of C to any likewise given line l' 1 of C'. 

With a view to this we suppose the complexes C and C' to be 
represented in the way indicated in § 1 resp. on the three~dimensional 
spaces R3 and R' 3 in such a way th at I] and l' 1 are the cardinal lines 
of these representations. In this case the planes a and a' correspond 
resp. to 11 and l' l' The lines of C cutting 11 are represented on the 
points of the conie k2 in a, the lines of C' cutting l' 1 on the points of 
the conie k '2 in a' . 

Suppose that we have found a correspondence between the lines I of 

1) Cf. e.g. STURM, Liniengeometrie. 1. p. 261. 
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C and the lines l' of C' which satisfles the above mentioned conditions. 
If to the image point L of the line I of C we always associate the 
image point L ' of the line l' of C' corresponding to the said line I, 
there arises a birational correspondence between the points of R3 and R' 3' 

Let us determine the order of this correspondence. The points L of 
a plane q; of R3 are the image points of the lines of a bilinear congru~ 
en ce 4J of C which contains 11, This has two lines in common with 
the quadratic scroll of C that corresponds to a plane pencil of C'. The 
congruence of C' associated to 4J contains, therefore, two lines which 
belong at fhe same time to an arbitrary plane pencil of this complex. 
Accordingly to the congruence 4J there corresponds in C' a congruence 
(2,2) th at contains l' 1 and is represented on a cubic surface q;' 3 which 
contains k'2 as a single conic. Inversely to a plane q;' of R' 3 th ere 
corresponds a cubic surface q;3 of R3 containing k2. 

The transformation (L,L') is, therefore, cubical. To the singular points 
in R3 .belong the points of k2, to the singular points in R' 3 those 
of k'2 • 

The latter also appears thus. A point L of k2 is the image point of 
the lines of a plane pencil of C containing /1, This is transformed into 
a scroll of C' containing V which is represented on a line of R'3' In 
this way it is also evident that to a point of k '2 there corresponds a 
line of R3' 

If L describes a line r, I describes a scroll of C containing /1, This 
has four lines in common with the congruence (2,2) corresponding to 
a bilinear congruence of C' and is, therefore, transformed into a 
biquadratic scroll of C' that contains l' l' Consequently to a line r of 
points L in R3 a cubic r'3 of R'3 is associated which cuts k2 twice. 

§ 3. The general cubic point correspondence between the spaces R3 
and R' 3 is established by the aid of a twisted sextic k6 of the genus 
three in R3' This curve is the base curve of a linear complex r of cubic 
surfaces. Three surfaces of r that do not belong to the same penciI. 
have one point outside k6 in common. 

We shall now assume a projective correspondence between the cubic 
surfaces q;3 of rand the planes q;' of R' 3' A point P of R3 defines a 
net of surfaces q;3. To this a sheaf of planes of R' 3 is associated with 
vertex P', which point we shall associate to P. Inversely to a point P' 
corresponds one point P. For P' is the vertex of a sheaf of plan es ; to 
this corresponds a net of r. The surfaces of this net have one point 
P outside k6 in common, which point corresponds to P'. 

The locus of the singular points in R3 of the transformation is the 
curve k6• The singular points in R' 3 also form a sextic k' 6 of the genus 
three. To a point of k6 or k' 6 corresponds resp. a trisecant of k' 6 or k6• 

The trisecants of k6 and k' 6 from resp. the scrolIs of the eigth degree 
w 8 and W '8 • 
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§ 4. In order to arrive at the transformation (L. L/) indicated in § 2. 
we suppose k6 to be degenerate in Pand a biquadratic curve k1

• We 
choose a surface rp3 through k2 and k4 whieh through the transformation 
(L. L') passes into a plane rpl of R1

3. 

This transformation gives us a representation of rp3 on rpl whieh has 
six singular points in rpl. to wit the points of intersection of rpl with 
the curve kl

6 in R1
3. In the general cubie transformation k6 is rep re

sented on a curve C
/8

• the intersection of W
l8 with rpl. which has the 

six singular points as triple points. As according to § 2 a curve r3 of 
rp3 associated to a line rl of rpl cuts the conie P twiee. the image curve 
of k2 in rp l must cut a line rl of rpl twiee; it is. therefore. a conie of 
rp l. This conie C

/2 passes through four singular points of rpl because for 
C

/2 four lines must split off from the sextic associated to an arbitrary 
conie. 

Consequently the curve k" is represented on a sextic C
/6 whieh has 

triple points in two of the singular points and double points in the 
other four. Hence k1 must be a rational curve whieh cuts k 2 in four 
points as C

/6 and C
/2 have four points in comman that are not singular 

for the representation. 
Now a conie Pand a rational curve k1 that cuts P twiee. farm the 

base curve of a complex r of cubie surfaces rp3 of whieh three that do 
not belang to the same penciI. have one point in comman outside P 
and k1• We assume. therefore. a collinear correspondence between the 
surfaces rp3 of rand the planes rpl of R' 3 and we consider the cubie 
transformation that arises if to any point P of R3' whieh is the base 
point of a net of surfaces rp3, we associate the vertex of the sheaf of 
planes corresponding to it in RI

3 

The surface w 8 of the trisecants of k6 consists of the surface w 2 of 
the trisecants of k1 and the surface w 6 of the bisecants of k4 that cut 
k2

• The latter surface has a triple curve in k2 and a double curve in k4
• 

We nnd the order of the curve of singular points associated to w 2 

that lies in R1
3' by determining the number of points of intersection 

with a plane rpl of R1
3. These points of intersection are to be found 

among the six singular points in rpl. The image C
I6 of k4 in rpl has 

triple points in two of these singular points. They are eVidently image 
points of trisecants of k4

• Accordingly a conie k"2 of RI
3 is associated to w 3 • 

The other four singular points in rpl. which are double points for 
C

I 6 and single points for the image C
/ 2 of k2• are evidently image points 

of lines that cut k2 once and k1 twiee. Ta w 6 there corresponds. there
fore. a biquadratie curve k"4. This curve is rationaI. as the same holds 
good for w 6

• as appears from a plane section. whieh has four double 
points and two triple points. The four trisecants of k1 that can be drawn 
through the points of intersection of k1 and k2

• are comman lines of w 6 

and w 2. Consequently the curves k"2 and k"4 have four points in comman. 
Accorgdinly to a point of k2• through which there pass three lines of 

43 
Proccedings Royal Acad . Amsterdam. Vol. XXX. 
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w6, there corresponds a trisecant of k"i. To a point of k1, through which 
there pass two lines of w 6 and one line of w 2, a line is associated that 
cuts k"i twice and k"2 once. We find, therefore, that to the points of 
k2 the lines of a scroll W"2, to the points of k1 the generatrices of a 
scroll w"6 are associated. 

As a line r' of R' 3 cuts six generatrices of W"6, any curve r3 of R3 
has six points in common with k1• In the same way it is evident that 
any curve r/3 of R' 3 cuts the curve k"1 six times. 

§ 5. Among the transformations derived in § 4 we have, according 
to § 2, only to consider those for which k '2 is a singular curve. Such 
a transformation can be derived from an arbitrary correspondence 
indicated in § 4, by combining it with one of the (Xj7 collinear trans~ 
formations of R' 3 in itself which transform k"2 into k'2 . To a point P 
of R3 we therefore associate the point P' of R' 3 which in the chosen 
collinear correspondence corresponds to the point that is associated to 
P through the former transformation. 

Now we have in R' 3 two singular curves k'2 and k'1 to which there 
correspond resp. the scrolIs w 2 and w 6 ; to the singular curves k2 and 
k1 in R3 resp. the surface W '2 of the trisecants of k'1 and the surface 
W '6 of the bisecants of k'1 that cut k'2 are associated. 

Let us now consider the correspondence between the linear complexes 
C and C' that arises if to any line 1 of C we associate that line l' of 
C' of which the image point P' corresponds in the aforesaid trans~ 
formation to the image point P of l. 

In the correspondence found in this way, to a line 1 of C cutting I1 

there corresponds one line l' of C', although to the image point P on 
k2 of 1 a line of points P' in R' 3 is associated. 

Por the plane pencils of C containing 1 form a speciallinear congruence 
which is represented on a plane cp that touches P in the image point 
P of l. The image linesof the said plane pencils are, therefore, the 
lines of cp through P. The image curves in R' 3 of these lines all pass 
through the vertex P' of the sheaf of planes cp' that correspond to the 
net of surfaces cp3 which touch cp at P. This point P' is the conical point 
of the surface cp'3 on which cp is represented. Por the intersection of any 
plane through P' with this surface has a double point in P' as P is a 
double point for the intersection of cp with any surface cp3 that touches 
cp at P. 

A scroll of C containing 1 is represented on a curve that cuts P at 
P. The tangent to this curve at P lies in cp because the plane pencil 
through a generatrix of the scroll that has a line in common with the 
plane pencil lil' tends to a plane pencil which contains 1 when the 
generatrix tends to l. Hence the curve in R' 3 that is associated to the 
image curve of the scrolI, passes through the point P' which we derived 
from the image point P of l. 
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Consequently the scrolls of C' that are associated to the scrolls of C 
which pass through a line I cutting 11, have one definite line l' of C' 
in common. To a line I of C cutting 11 there corresponds. therefore. 
one line l' of C'. 

In the same way it is evident th at one line I of C is associated to a 
line l' of C' which cuts l' l' 

To the line 11 of C the line l' 1 of C' is associated. From the surface 
rp/3 which corresponds to a. W '2 splits off so that also a' corresponds to a. 

§ 6. The rays of C that are represented on the points of the rational 
curve k1 which cuts k2 four times. are singular for our correspondence. 
According to § 1 they form a rational scroll !/ of the fourth degree. 

The generatrices of w 6 are the images of the plane pencils of C that 
contain two lines of e1

• hence of the plane pencils of C that have the 
points of the double curve of e1 as vertices. According to § 1 the 
generatrices of these plane pencils form a congruence (3.3) in C. so that 
among these plane pencils there are three that have their vertices in a 
given plane. Consequently the surface e1 has a cubic nodal curve P 
and consists. therefore. of the lines of C that cut k3 twice. 

In the same way C' contains a rational biquadratic scroll e'1 of 
singular rays. which is represented in k '1 and consists of the lines of 
C' that cut a twisted cubic k' 3 twice. 

As to a point of k1 a line is associated th at cuts k'2 once and k'1 

twice. the rays of C' corresponding to a line of e1 form a plane pencil 
of C' which contains two lines of e'1, hence a plane pencil of C' with 
vertex on k'3• The lines of C' corresponding to the rays of e1

• form 
the congruence R' (3.3) which is represented on W '6 and has the gene~ 
ratrices of e'1 as double lines. 

The rays of C corresponding to a line of e'1 are the generatrices of 
a plane pencil of C with vertex on P. The rays of C associated to the 
lines of e'1 • form a congruence R (3.3). The generatrices of e1 are 
double lines of this congruence. 

§ 7. A plane pencil of C is represented on a line s of R3 that cuts 
P. As this has resp. two. two and th ree points that are not singular 
for the transformation (P. PI) in common with a surface e3

• with w 2 and 
with w 6• the curve associated to s in R' 3 is a conic that cuts k'2 twice 
and k'1 th ree times. 

Aeeordingly to a plane peneil of C there eorresponds aquadratie 
serail of C' that has three lines in eommon with e'1 • 

The same holds good for a plane pencil of C containing 11, as to the 
point of k2 that is associated to it there corresponds a trisecant of k'1 

which is the image cf aquadratic scroll containing l' 1 that contains 
th ree lines of e'1 . 

43* 
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Ta a plane pencil of C containing one generatrix of ei, a plane pencil 
of Cl is associated which has one line in comman with eli. 

A bilinear congruence of C is represented on aquadratic surface ,,2 
in R3 that contains k2• As the number of points not singular for the 
correspondence (P, PI) which this surface has in comman with a curve 
r3

, a generatrix of w 2 and a line of w 6 , is resp. equal to four, two and 
one, ,,2 is transformed by the transformation (P, PI) into a biquadratic 
surface th at has kl2 as double conic and kli as single curve. 

Consequently to a bilinear congruence of C there corresponds a 
congruence (2,2) of Cl that contains the lines of eli. 

This holds also good if the bilinear congruence contains ll' For in 
this case it is represented on a plane q; of R3 that is transformed into 
a cu bic surface q;

1
3 through kl2 and kl

4 to which th ere corresponds a 
congruence (2,2) in Cl that contains 1'1 and the lines of e/4

• 

A scroll in C of the degree v that has fJ lines in common with e4
, 

is represented on a curve of R3 that is of the order v, cuts P in v 

points and k4 in fJ points. With a surface q;3, with w 2 and with w6 

this curve has resp. 2 y-fJ, 2 y-fJ and 3 v-2 fJ points in common that 
are not singular for the correspondence (P, PI). The curve associated to 
it in RI

3' which is of the order 2 v-fJ, has 2 y-fJ points in common 
with k l2 and 3 v-fJ points with kli, is the image of a scroll in Cl of 
the degree 2 v-fJ which contains 3 y-2 fJ generatrices of (J'4. 

Accordingly to a scroll in C of the degree v that has fJ lines in 
common with ei, there corresponds a scroll in Cl of the degree 2 v-fJ 
that contains 3 v-2(J generatrices of e /4

• 

If II is a v~fold line of the scroll chosen in C. it is represented on 
a curve of the order ~'-v that cuts k2 in v - 2 v and k4 in fJ points and 
is, therefore, transfarmed into a curve in RI

3 of the order 2 y - fJ - v 
which cuts kl2 in 2 y - fJ - 2 v and kl4 in 3 y - 2 fJ points. In this case 
the scroll is, accordingly, transformed into a scroll in Cl of the degree 
2 y - fJ that contains II as v~fold line and has 3 v - 2 fJ lines in common 
with e/4

• From this it follows likewise that 1'1 is associated to II in our 
transformation. 

A congruence (j-l, j-l) of C containing the generatrices of ei as a~fold 
lines is represented on a surface in R3 of the degree 2 j-l that has a 
j-l~fold conic in k2 and an a~fold curve in k4• With a curve r3, a gene~ 
ratrix of w 2 and a generatrix of w 6, this surface has resp. '4 j-l - 6 a, 
2p- 3a and j-l - 2 a points in common th at are not singular for the 
representation. Hence in RI

3 there corresponds to this a surface of the 
degree '4 p - 6 a that has a (2 j-l - 3 aHold curve in k l2 and a (j-l - 2 a)~ 
fald curve in k 14 . This is the image of a congruence (2j-l-3a, 2j-l-3a) 
in C' of which the lines e /4 are (j-l - 2 a)~fold lines. 

Consequently to a congruence (j-l, j-l) of C containing the generatrices 
of e4 as a~fold lines a congruence (2 j-l - 3 a, 2 j-l - 3 a) is associated 
which contains the generatrices of (J'4 as (j-l - 2 a)~fold lines. 
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Tt is again easily seen that this property holds also good for a 
congruence of C of whieh 11 is a e~fold line. and that in this case the 
corresponding congruence of C' contains the line l' 1 as a e~fold line. 

§ 8. Among the 00 16 rational biquadratie twisted curves in R3 there 
are 00 12 that cut k2 four times. In 00 15 ways a projective correspondence 
can be established between the cubic surfaces cp3 containing k2 and a 
curve k4. that cuts k2 four times. and the planes cp' of R' 3. In this way 
we get 00 27 cubie point correspondences between R3 and R'3 for which 
k2 is a singular curve. For 00 19 of these cubie transformations the singular 
conie in R' 3 coincides with k '2 • 

Consequently there are 00 19 quadratie birational correspondences 
between two linear complexes C and C' th at associate a given line l' 1 

of C' to a likewise given line 11 of C. As we can associate any line 
of C' to a given line of C. we find that there exist 00 22 quadratie 
birational correspondences between two linear complexes. 



Chemistry. - On same derivatives of di~(2~pyridyl)~amine, and 011 

tri~(2~pyridyl)~amine. By J. P. WIBAUT and G. L. C. LA BASTIDE. 
(Communicated by Prof. A. F. HOLLEMAN.) 

(Communicated at the meeting of May 28, 1927). 

1. Introduction. Of diphenylamine (C6H 5 ) 2NH several derivatives 
are known in which nitro groups or halogen atoms are substituted for 
one or more hydrogen atoms of the benzene nuclei. Nitroderivatives 
of diphenylamine may, in genera!, be prepared by bringing halogen~ 

nitrobenzenes in reaction with aniline, in which a diphenylamine derivative 
is formed and hydrogen halide is split oH. Also the nitration of 
diphenylamine is possible. 

The analogue of diphenylamine in the pyridine series, dH2~pyridyl)~ 
amine (C5H 4NhNH is now also known. Our purpose was to prepare 
substitution products for this substance, and if possible, to find the 
constitution of the substances obtained. We have examined the nitration 
and bromination of dipyridylamine, and have obtained a dinitro~ and a 
dibromo~derivative. Accordingly the hydrogen atoms of the pyridine 
nuclei in dipyridylamine may be readily substituted, just as this is the 
case in 2~amino~pyridine itself. 

The determination of the constitution of these substances has not 
succeeded, as unexpected diHiculties presented themselves. Our researches 
in this direction have led, however, to the synthesis of the hitherto unknown 
trH2~pyridyl)~amine, (C5H 4N)sN. 

2~dipyridylamine was prepared for the first time by TSCHITSCHIBABIN, 
who for this purpose heated 2~aminopyridine and 2~chloropyridine in the 
presence of chloride of zinc 1). STEINHAUSER and DIEPOLDER 2) carry out 
this reaction by heating with barium oxide. TSCHITSCHIBABIN has also 
prepared dipyridylamine by heating 2~aminopyridine at 240-250° for a 
long time with an equivalent quantity of the hydrochloric acid salt of this 
base, a method which is quite analogous to the preparation of 
diphenylamine. 

According to our experience this last method is best adapted to the 
preparation of dipyridylamine, though we have not succeedëd in raising the 
yield above 25 %. We have also heated the sodium compound of 
2~aminopyridine at 170-180° with 2~chloropyridine and para fin oil as 
diluent; the yield of dipyridylamine th en amounts to 40 %, but this 
method of preparation is more laborious, as first the sodium compound has 
to be made. For the melting point of the dipyridylamine purified by 
recrystallisation from diluted alcohol, we found 95.5-96°. 

1) J. SOC. Phys. Chem. Russe, 46, 1216 (19H). 
2) J. prakt. Chem., (2) 93. 392 (1916). 
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Nitrafion ot dipyridylamine. 

If this base is dissolved in strong sulphuric acid, and if at 0° C. nitric acid 
of density 1.4 is added, no reaction takes place. We have not been 
ab Ie to detect any formation of anitramine, which is formed from 
2~aminopyridine under these circumstances. The nitration, however, 
proceeds smoothly, if the mixture of dipyridylamine, concentrated 
sulphuric acid and nitric acid is heated on the water bath. 

It appeared from the analysis of the nitration product that this substance 
contained two nitro groups. After repeated crystallisation from toluene the 
dinitrodipyridylamine was obtained in the form of yellow~brown needies 
of a melting~point of 195-196°. 

This substance has a very feebly basic character ; it dissolves in strong 
acids, but is again precipitated on dilution with water. It is very sparingly 
soluble in alcohol and water. 

Analysis: 
Found C 45.74%; H 2.80%; N 26.98%. 
Calculated for ClQH7Ns0 4 C 45.96 %; H 2.70 % ; N 26.82 Ofo. 

Bromination of Dipyridylamine. 
To a diluted solution of this base in glacial acetic acid a solution of 

bromine in glacial acetic was added gradually, care being taken that 
it was properly cooled. The quantity of bromine added was calculated 
for the introduction of two bromine atoms. From the reaction product a 
substance was isolated, which appeared to be a salt with hydrogen bromide 
and which was obtained af ter repeated recrystallisation from alcohol in the 
form of yellow orange needies melting at 253-254°. 

Analysi~ : 

Found 
Calculated for ClQH7N3Br2' 2HBr 

64.99 % Br ; 8,47 % N. 
65.37 % Br; 8.56 % N. 

Accordingly this substance is a salt of dibromodipyridylamine with two 
molecules of hydrobromic~acid . The alcoholic solution of this salt was 
made alkaline, whereby the free base was obtained, which after recrystal~ 
lisation from alcohol melts at 191 0 ; white needies. 

Analysis: Br found 48.27 % Calculated for ClQH7N3Br2 48.63 %. 

In order to determine the positions which the nitro~groups, respectively 
the bromine atoms, occupy in these sub stances, we have tried to prepare 
these compounds in another way, i.e. by bringing substituted 2~amino~ 
pyridines in reaction with 2~halogenopyridines. From 2~amino~5~nitro~ 
pyridine and 2~chloro~5~nitropyridine 5.5'~dinitrodipyridylamine might 
be formed: 
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The synthesis of monosubstitution products of dipyridylamine or of other 
disubstitution products might be tried in a similar way. We have, therefore, 
prepared the substituted pyridines suitable for our purpose, and tried to 
transform them in dipyridylamine-derivatives in the sense of the above· 
mentioned formula. 

The following mixtures of substances were heated with barium oxide, 
in analogy to DIEPOLDER's method of preparation for dipyridylamine itselL 

2-amino-5-nitropyridine with 2-chloropyridine 

2-amino-5-bromopyridine 

2-amino-5-bromopyridine 
2-amino-3,5-dibromopyridine 

2-bromopyridine 
2-iodopyridine 
2-chloropyridine 
2-bromopyridine 
2-iodopyridine 
2-iodo-5-bromopyridine 1 ) 

2-chloropyridine 

All these experiments gave negative results. If the temperature was 
raised to about 1500

, no reaction took place, but if the temperature was 
carried up to 200 0

, the substances were quite decomposed, only a charry 
residue being obtained. Nor did TSCHITSCHIBABIN'S method for the 
preparation of dipyridylamine, heating of aminopyridine with an 
equivalent quantity of the hydrochloric acid salt of this base, give any 
result for the substituted aminopyridines. Experiments were made 
with 2-amino-5-nitropyridine and 2-amfno-3,5-dibromopyridine, which were 
each heated with an equivalent quantity of the hydrochloric acid salt. 
At 1500 no reaction took place, at higher temperature again total 
decomposition. 

It appeared, therefore, from these experiments that for the synthesis of 
substituted dipyridylamines high temperatures are to be avoided, as the 
substituted aminopyridines are decomposed at increased temperature. Since 
diphenylamine derivatives may be obtained in many cases from 
halogennitrobenzenes and aniline by boiling a mixture of these substances 
in alcoholic solution with addition of sodium acetate, we have tried this 
method with the following substances : 

2-amino-3.5-dibromopyridine with 
2-amino-5-bromopyridine 
2-amino-5-nitropyridine 
2-amino-5-nitropyridine 

2-chloropyridine 
2-chloropyridine 
2-chloro-5-nitropyridine 
2-chloropyridine 

The sub stances, however, do not react under the circumstances of the 
experiment. 

From these experiments we get the impression that ahalogen atom bound 
in the pyridine nucleus in position 2, is diHicult to bring in reaction, also 

I) Instead of with barium oxide we have also heated the substances with potash and 
copper powder (ULLMANN), likewise however with a negative result. 
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in those cases where in this pyridine nucleus other halogen atoms or a nitro 
group have been substituted in position 5. 

For these synthetic attempts a number of substituted pyridines had to be 
prepared, some of which we re not yet known. These new compounds will 
be briefly described here. 

2-iodo-5-bromopyridine. 
This substance was obtained by adding 2-amino-5-bromopyridine dissolved 

in 50 % acetic acid gradually to a bOiling solution of potassium iodide and 
sodium nitrite, hence the same method being used as for the preparation of 
2-iodo-pyridine according to TSCHITSCHIBABIN. 2-iodo-5-bromopyridine 
crystallizes from alcohol in white plates melting at 117°. 

5-iodo-2-bromopyridine. 
This substance was prepared by treating 2-amino-5-iodopyridine 

dissolved in strong hydrobromic acid with sodium nitrite. The 2-bromo· 
5-iodopyridine crystallised from alcohol in shiny plates melting at 122°.5. 

2-5-di-iodopyridine. 
This sub stance was obtained in an analogous way from 2-amino-3,5-

dibromopyridine. The 2-iodo-3,5-dibromopyridine is obtained from 
alcohol in white crystal plates, which melt at 70°.5. In appearance and in 
smell the substance resembles the dihalogenopyridines which have just 
been described. Experimental details of th is experiments and analytica I 
data will be published elsewhere. 

3. Preparation of tri-(2-pyridyl)-amine. 
We have undertaken the synthesis of the still unknown tri-pyridylamine 

by analogous methods as that tried for dipyridyl derivatives, and have 
succeeded in preparing this substance in two ways. 

A mixture of 2-aminopyridine (0.1 mols.) and 2-iodopyridine (0.2 mols.) 
dissolved in mesitylene was heated with anhydrous potash, some copper 
powder and a little potassium during 14 hours at 150-160°; it is was 
found that tripyridylamine had been formed in a yield of 10-20 % of the 
theoretically calculated quantity. This experiment shows that the method, 
which was found by ULLMANN for the synthesis of diphenylamine 
derivatives, may be applied in the pyridine series. The reaction takes 
place in two stages: 

ONH' + JO ~ O-~-O (I) N N N N 
C-~-O + JO ~ O-N-O (Il) N N N N ~IN N 

V 
The second reaction proceeds, however, more rapidly than the first, 

for if only 1 mol. of 2~iodopyridine is brought in reaction with 1 mol. of 
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aminopyridine in the way just mentioned, only tripyridylamine is formed, 
and no dipyridylamine can be detected. A good yield of tripyridylamine 
is obtained when a mixture of dipyridylamine and 2~iodopyridine dissolved 
in mesitylene is heated with potash and some copper powder and 
potassium iodide. 

On the other hand the sodium compound of dipyridylamine: 
(C5H4N)2N.Na does not react with chloropyridine. This result seems 
plausible, as in sodium amide it are the hydrogen atoms, and not the sodium 
atom which are reactive, as TITHERLEY has pointed out 1). This investigator 
found in his researches on reactions with sodium amide that this substance 
does not react with alkylhaloids to form primary amines. From hexa~ 
chloroethane and sodiumamide was formed among other sub stances the 
sodium compound of cyanamide CN.N.Na2' in which the sodium atoms are, 
still present. In TSCHITSCHIBABIN'S amidation reaction it is again the 
hydrogen atom of the sodiumamide which is reactive: 

CsHsN + NaNH2 -. H 2 + C SH 4N .NHNa. 

We already mentioned that the sodium compound of aminopyridine 
C 5H 4N .NHNa reacts on chloropyridine with formation of dipyridylamine. 
It is probable that here primarily the sodium compound of dipyridylamine 
is formed, from which af ter decomposition with diluted hydrochloric acid, 
the dipyridylamine itself is obtained. In the sodium compound of dipyridyl
amine however, no reactive hydrogen atom is available, so that areaction 
with chloropyridine cannot take place. 

Tri(2~pyridylJ~amine (C5H4NJ3N. 
This substance may be obtained from diluted alcohol or from a mixture 

of benzene and ligroin in the form of long colourless needIes, which melt 
at 132.5°. 

Analysis: 
Found: C 72.51% : 72.40%: H 5.08%: 4.71%: N 22.67%: 22.62%. 
Calculated for: CIsHI2N4: C 72.58 %: H 4.88 %: N 22.58 %. 
Molecular weight found cryoscopically in benzene solution : 234 and 237. calculated 248. 

The picrate of this base crystallises from alcohol in yellow needIes, which 
melt at 149°. Nitrogen content found 20.74 %, calculated for 
C15H12N4 + C 6H 20H(N02ls: 20.54 %. In the picrate 1 mol. of picric 
acid is, therefore, bound to 1 mol. of tripyridylamine. 

The double salt with mercury chloride crystallises from diluted 
hydrochloric acid in white needIes. which melt at 180° . 

N found: 10.16% and 10.21% 
Calculated for CIsHI2Ni' HCI . HgCl2 10.07 % N . 

Tripyridylamine appeared to be a very feebIe base. which is little soluble 
in water. This aqueous solution is scarcely basic to litmus. The compound 

I) Tourn. Chem. Soc .• 71 . 460. 
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is readily soluble in diluted mineral acids. The slight basicity of this 
pyridine base is surprising. Pyridine itseJf is a basic sub stance, it might 
be expected that on substitution of the hydrogen atoms of ammonia by 
pyridyl groups a base would be formed, which would be comparable in 
strength to the aliphatic amines. This is, however, not the case. To 
get an idea of the difference in basicity between 2-aminopyridine, 
di (2-pyridyl) -amine, and tri (2-pyridyl) -amine we have measured the 
electric conductivity of 0.01 normal solutions of these bases in 
a mixture of water and 10 % alcohol. It appeared that dipyridylamine 
has a greater conductivity than aminopyridine, tripyridylamine, however, 
shows a smaller conductive power than aminopyridine. This result was 
confirmed by measurement of the concentration of the hydrogen ions in 
0.01 normal solutions in 15 % alcohol. by the aid of the chinhydron 
electrode 1 ) . 

The values found are: 

2-aminopyridine PH = 9.07. 
di(2-pyridyl)amine PH = 9.41. 
tri(2-pyridyl)amine PH = 7.40. 
It appears, therefore, that the basicity of aminopyridine slightly increases 

when a second pyridyl group is attached to the nitrogen atom of the 
ammonia rest as might be expected, but that the basicity appreciably 
decreases if the third hydrogen atom of the ammonia rest is substituted 
by a pyridyl group. 

More detailed experimental data of this investigation here will be 
published elsewhere. 

Amsterdam, May 1927. 

Organic Chemical Labaratary 
af the University. 

1) The measurements of the conductivity have been made by one of us (LA BASTIDE) 
in the Electrochemical Laboratory of the University of Amsterdam under the direct ion of 
Prof. Dr. A. H. W. ATEN, the PH measurements in the Physiological Laboratory of the 
State University of Groningen, under the direction of Dr. BRINKMAN. We gladly express 
our indebtedness to both gentlemen. 



Mathematics. - On the foundations of combinatory Analysis Situs 
Additions and Corrections. l ) By M. H. A. NEWMAN. (Communicated 
by Prof. L. E. J. BROUWER). 

(Communicated at the meeting of May 28. 1927). 

FI. 

p. 612. 1. 16. Definition of I' +.6. + .. .. This definiton does not follow current com
binatory usage. which would require: "I' + .6. + .. , is the n-array whose units are all 
the units belonging to an odd number of the arrays". The application contemplated for 
the results of FI and PIl is. however. rather the combinatory characterisation of continuous 
spaces than the study of oriented spreads on a complex. and for this purpose the defi
nition of FI is the more suitable. There seems justific~tion for adopting the two definitions 
side by side. Following the notation for sets of points introduced by CARATHEODORY 2) 
and adopted by HAUSDORFF 3) it is natura I to denote by I' + .6. + . " the logica I sum 
considered in FI. i . e. the array whose units are all the units of r . .6. ... , : and by 
[' + .6. + ... the sum modo 2. the array whose units are those belonging to an odd 
number of the arrays. When no two of the arrays have a common unit we may speak 
simply of the sumo and denote it by I' + .6. ... 

A corresponding duality will appear in the definition of "boundary". It seems reasonable 
to retain for the word "boundary" the meaning attributed to it in F I. viz. the set of faces 
belonging to only one unit. and to denote th is by r. The sumo mod 2. of the boundaries 
of the units of I' will be called the margin of I' and denoted by r. Boundary and margin 
are identical when I' is regular. 

It will be found that FI land FI 3. the only theorems in FI and FII affected by this 
dual definition. have each two forms. viz: 

la. If I' and .6. have no common vertex and d (1'.6.) > O. 1'.6. is rLi + r.6.. 

I lb. In the conditions of I Ja. f:3. is 1'3 + î\l. 
3a. (n =-- 2) If I' n is bounded and regular. r;, is unbounded. 

I 3b. (n =- 2) If I' n is any array. r n is marginless if it exists. 

p. 612. 1. 25. For only read at most. 

p. 615. Topological equivalence. That the three moves I. 2 and 3 give an adaquate 
account of the relation of homoeomorphism between manifolds is an unproven but 
plausible hypothesis : but for more general arrays it is easy to see that equivalence. 
exhibited by the three moves. and homoeomorphism. based on (1.1) continuous correspondence 
(if the units are regarded as continuous simplexes) are not always the same. Moreover 
there are many purely combinatory problems for which the use of general "spherical" cells 
is essential. It therefore seems better to regard the theory of arrays as a piece of apparatus 

I) The original articles appeared in these Proceedings. 29. (1926). 611 and 627. They 
are here quoted as PI and FIl. 

2) ReelIe Funktionen. p. 28. 
3) Mengenlehre. (1927). 
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fer proving theorems about manifolds regarded as "complexes" , and specially about spheres 
and elements. The symbol "r_~", standing, wh en rand il are bounded, for r_il 

1.23 
should therefore no longer be read as "r is topologically equivalent to ~", but as some 
conventional phrase, e.g. "r leads to il". In the case of unbounded arrays it is natural 
from this point of view to restrict "r _ il" to the meaning "r _ il" instead of that 

3 
given on p. 615 of FI. When r and ~ are manifolds this is equivalent to the old 
definition in virtue of FII Theorem 5; but that theorem must now he enunciated; 

ff S and T are units of the unbounded manifolds A and M respectively, and if 
A-S_M-T, then A_M. 

It will be found that "_" without a suffix is rarely used in FI, or in FII before Theorem 
5, so th at the necessary verbal alterations are few. 

A systematic account of the relatlons between the theory of arrays and the ordinary 
theory of complexes will be included in a paper to be published shortly in Mathematische 
Annalen. 

p. 615, I. 5 from bottom. The statement that the relation M_" is transitive for unbounded 
arrays was incorrect with the old definition, but as only manifolds were considered no 

false deductions were made from it. With the new definition ("_" means "_" for unbounded 
3 

arrays) the statement is true. 

p. 620. With the new definition I 21 must read; If M is an unbounded manifold and 
M _ "\, then if S and T are any units of Mand A respectively, M-S _ A- T. 

p. 624. I. 10 from bottom. For S. TI read ~. S. TI. 

I. 9 For UV. T read ~ . UV . TI (twice). The proof of I 38 is 
simplified a little by noticing that since W is supposed not to belong to a common face 

of M and ~S. TI it must belong to TI. S. i.e. to T'U. V + TIV. [jo 

p. 626 I. 4 from bottom. Delete or i~ contained in. 

FII. 
p. 627, I. 11. "Whether the first of these assertions is true I do not 

know". The following considerations. based on a th eo rem proved in a. 
recently published paper I}, shew that the conjecture (I) must be rejected; 
i.e. there are in {act mani{olds A, M with congruent boundaries. such 
that A_M, but not A-:tM. 

Let A and M be two manifolds such that A _ M. Since moves of 
type 3 do not affect the boundary, any chain of such moves relating 
A to M correlates each bounding (n-l)~manifold of A with a congruent 
one of M. Suppose now that A has q bounding manifolds A I, A 2, ••• A q, 

all congruent to each other, and let the boundary manifolds of M be 
arbitrarily numbered MI, M2 . ... Mq. When this has been done A and 
M can be modified into A * and M* (e.g. using F 11 Theorem 8a) so 
that while no two of the A*i'S are congruent, A*i is congruent to M*i 
(i = I, 2, ... q) and A * - M* still. Hence if A * -:t M* A *i and M*i are 

related bounding manifolds. Now it is shewn in S2} that in these 

I) "On the superposition of n-dimensional manifolds", JournalLond. Math. Soc., 2 (1927) 
54, referred to as S. 

2) Proof of Theorem 3. 
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circumstances A can be superposed I) on M in such a way that A i falls 
on Mi. If then the hypothesis (1) were tme it would follow that given 
two manifolds A and M. each with q congruent bounding manifolds 
then if A -+ M. A can be superposed on M so that assigned pairs 
of boundary manifolds coincide. Th is is clearly false. Exampfe. 
IE M3 is the finite part of Euclidian space cut out by (a) two "con~ 
centric" ring surfaces. 2) R~ and R~. and (b) a third ring R~ which is 
homotope to a point in the finite space cut out by R~ and R~ alone. then M3 
cannot be superposed on itself so that R~ faUs on R~. for R~ is distin~ 
guished by the property that it can be separated from R~ and R~ by a 
sphere lying in M3' 

It appears then. that the theorems 1. 3a. 3b. and 5 of F II express 
between them all the relations that exist between the three moves when 
applied to general manifolds. 

p. 627. I. 13. "lf n> 2 . .. " A 3-dimensional example in support of thls statement has 
since been given in these Proceedings 3). 

p. 630. I. 21. Por A-8. T + T . S read (A-S. T) + T. S. 

p. 631. The proof of Theorem 2 is obscure. Substitute th is for the second paragraph: 
Consider first the case wh ere r contains only one intrusive component. V . Let the original 

series of moves (A -+ M) be applied to r + A until a move - say U. V -+ V. U -
3 

involving V is reached. and then let U. V be changed to a;. [j. V. IX being new. Now 
resume the original series (A -+ M). with this modification, that all units containing Vare 

3 
to appear Msubdivided through V with vertex a; " • (See PIl p. 630) This modified process 

can be carried out by ma "es of type 3. For if PO. RS -+ RS . PO is a move of the old 
series, (where PR is V), and r + A * is the manifold that has been reached from r + A 
when this move faUs due, the interchange of the corresponding "broken" clusters can be 
etfected provided r + A· contains neither y.S nor RS (Lemma 3, with PI 17 and 29). 

Now RS does not belong to A * for if it did it would invalidate PQ. RS -+ RS . PO 
in the original series; and if it were interior to r it would be another intrusive component 
not contained in V, contrary to the assumption. The x-star in r + A * has the form 
Y. • V. IT. and so the presence of a component a;S (S not being contained in V) would 

imply the presence of IX • V. S, and therefore, if V is not indentical with R, of RS, in 
r + A *. Thus neither RS nor y.S is present: the substitution can be etfected. IE V is R 
I 36 shews that only the condition "not IXS" is necessary in Lemma 3. 

p. 632, I. 4 of second par. Por belongs to read is interior t~. 

I. 4 from bottom. Por E* read 8*. 
p.634. Theorem 6 Corollary I. To see that E! + E~ is an n-manifold assume the corollary 

to be true for elements of lower dimension-number. 
Lemma 5a. Por M--;'ead M. 

p. 636. I. 2. Por En read En. 

1) See S. The word itself probably conveys its meaning accurately enough for present 
purposes. 

2) I.e. rings generated by the rota ti on of two concentric copla nar circles about the same 
axis in their plane. 

3) "A property of 2-dimensional elements", these Proceedings, 29 (1927) 1401. 
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§ 9 (which should he § 4). A generalised and simplified theory superseding 
§ 9 will he puhlished shortly. The restriction on "normal sets" that 
the common part of Gi and Gk must he just one "cell" is not essential. 
Instead of "normal n-sets of cells", "assemhlies of pieces" are considered 
satisfying the following conditions : the "pieces", Gi , are e1ements, of 
dimension numhers from 0 to n and 

P(i) if Gi contains a unit or internal component of G j , Gi contains 
Gj unless Gi and Gj are identical; 

P(ii) if i > 0 every unit of G i helongs to an (i-I )-dimensional piece; 
P(iii) if i < n Gi is contained in an (i+ l}-dimensional piece. 
Retaining the definition of similarity of structure given in FII (p. 637) 

(where "piece" must he set for "celI") it can he shewn that if rand r' 
are n-assemblies of pieces with the same structure and the sum r of 
the n-pieces of r is an n-manifold, then the sum r' of the n-pieces of 
I' is an n-manifold, and r~ r'. 



Botany. The lnfLuence of Temperature on the Respiratian of 
Phycamyces Blakesleeanus Burgeff. By S. R. DE BOER. (Com
municated by Prof. F. A. F. C. WENT.) 

(Communicated at the meeting of June 25, 1927). 

FERNANDES, in 1923 described a new method to determine simultaneously 
the amaunt of oxygen taken in and the amount of carbondioxide given oH 
during respiration. In this publication (2) however, he did not study 
especially the respiratory quotients. In order to adapt FERNANDES· 
apparatus to the study of respiratory quotients in the metabolic gas 
exchange of fungi, certain alterations had to be made. 

The organism studied in these investigations was a + strain of Phycamy
ces Blakesleeanus which was cultivated on starch media (bread) or on 
media rich in oil (ground linseed). The culture medium was spread out in 
a th in layer on rough linen which was stretched over a small glass frame 
in such fashion that the medium was in contact with the air both above 
and below. 

On media rich in oil, but for the rest under similar conditions, the 
respiration is stronger than on the starch media. At 25° C. at a certain 
stage of development, on 2Yz grm. ground linseed the average amaunt of 
O 2 taken in is 15 ccm, the CO:) given oH 10 ccm per hour. (The 

respiratory quotient ~~2 therefore is ab out 0.67). On the other hand 

on 2Yz grm. bread the O 2 taken in is 5.75 ccm., the C02 given oH 7.0 ccm. 
per hour. (A respiratory quotient therefore of about 1.2.) 

In 1905 F. F. BLACKMAN (1) published his wellknown theory in which 
he claims that physiological reactions are influenced by temperature in a 
similar way as chemical reactions are influenced by temperature; if only 
the organism is not injured. According to VAN 'T HOFF's law the reaction
velocity increases 2 or 3 times for a rise of ten degrees in temperature. 
According to BLACKMAN this VAN 'T HOFF' s curve could be found by 
extrapolation from the values obtained af ter I, 2, 3 etc. hours. 

KUYPER (3) tried to apply BLACKMAN's theory on the respiration of 
green peas and other seeds. He found, however, that the respiration 
adapted itself very slowly to a new tempera tu re. He and RUTGERS ('1) 
therefore pointed out that the "zero-hour"-line never can be extrapolated 
accurately. 

The apparent slowness of adaptation to a new temperature is, ?ccording 
to my opinion, the result of a technical mistake. Afterwards I hope to 
treat this subject more in detail, in this publication I only want to point out 
that KUYPER used a respiration vessel of about 1250 ccm. and a suction 



velocity of only 3 1. per hour. 
temperature has been raised, gas 
formed at lower temperature. 
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During the first half hour af ter the 
is therefore collected which was still 

Further it has lately become evident that there are many objections 
against the materials used in KUYPER' s experiments. STaL FEL T (6) has 
namely shown that the seed coat oHers an obstacle to the diffusion of gas. 
From the experiments of SJERP (5) it also appears that peas are, physio-
10Hically. very complex structures. 

When the facts named above are taken into account it appears to be 
worth while to determine whether the respiration will directly ad:::tpt itself 
to a new temperature and, if this proves to be the case, what the course 
of the "zero-hour"-line will beo We also will investigate the magnitude of 
the respiratory quotient as a function of temperature. 

The following experiments were all carried out with a suction velocity 
of 3 Yz 1. per hour and in a respiration vessel of 325 ccm. cubic contents. 
Gas diffusion was promoted as far as possible by using thin layers of the 
culture medium. 

All experiments were carried out in the "constant" part of the grand 
period of the respiration. 

At first 3 or 4 measurements were carried out at the initia I temperature 
so that the course of the respiration is suHiciently known. The change in 
temperature of the water in the basin, which contains the apparatus, usually 
takes place in 2Yz-5 min. As a mIe 22!,~ min. afterwards the experiments 
start at the new temperature. 

Experiments on a medium rich in oil. 

In the ground linseed on which Phycomyces is cultivated carbohydrates 
are present, partly being formed froin the fats by the fungus itself. 

When the temperature of a culture of Phycomyces on linseed medium 
is changed from 25° to 10°, 15° or 20°, the respiration decreases. The 
lower the temperature the stronger this decrease will beo Thc amount 
.of CO2 givcn oH is immediately constant and has therefore adapted itself 
directly to the new temperature. However the amount of O 2 taken in 
decreases and only becomes constant af ter a few hours. The respiratory 
quotient will increase and only reassurne its original value after some time. 
The transition from 25° to 15° is shown in fig. la. 

The reverse, namely the transition from 15° to 25° is given in fig. lb. 
The CO2 evolved is again immediately constant, but now the amount of 
O 2 absorbed is lower and therefore the respiratory quotient higher at first. 
From the fact that the CO2 given oH is constant at once it follows that 
a temperature of 25° is not yet injurious to the fungus. 

As soon as the temperature has a harmful influence on the fungus there 
will be a decrease in the intensity of the respiration. But if in this case 

44 
Proceedings Royal Acad. Amsterdam. Vol. XXX. 
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Fig. Ic. Fig. ld. 
Fig. 1. The respiration of Phycomyces on media rich in oil. 

The ordinate-axis represents the rate of respiration in ccm per hour. the ahscissae 
axis the time in hours. At the same time the ordinate-axis indicates the value of 
the respiratory quotients. 
With the changes in temperature the hatched part represents the time required 
by the water in the basin to take on the new temperature. The vertical line in 
front of it glves the time at which the last experiment at the initial temperature 
was finished. the vertical line behind indicates the time at which the new 
experlments started. For further explanation see text. 
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too the amount of O 2 absorbed has become smaller as compared with the 
CO2 given oH. the "02~curve" will descend less rapidly than the 
"C02~curve" . 

This is indeed the case at 30° as is shown in fig. Ic. Here again the 
respiratory quotient is higher at first , and only reaches its original value 
when the respiration becomes constant. 

The facto that the respiratory quotients tend to reach a higher value. 
becomes more apparent at higher tempemtures. At 32°.5 (where the fungus 
has already been injured to such an ex tent that the respiration does not 
become constant) the respiratory quotient at first approaches the value of 
1.00 and never again reaches the value of about 0.67 as found at 25° 
and 30°. At 35° the respiration decreases rapidly. The respiratory quotient 
is originally 1.00 and remains at about 0.90. The transition from 25° to 
37°.5 is given in fig. Id. The amount of O 2 taken in and the amount of 
CO2 given off are about the same and both decrease rapidly. The re:;:piratory 
quotient is about 1.00. It therefore seems that at higher injurious tempera~ 
tures the fungus can consume carbohydrates better than fats. This causes 
a peculiar course of the "zero~hour"~line. If one wants toextrapolate the 
points of the "zero~hour"~line from the values found it is necessary to 
trace back the different "injury" curves to the time at which th~ culture 
medium reached the new temperature. The temperature lag in the culture 
medium is larger than the temperature lag of the water in the thermostat. 
Thermoelectrical measurements convinced me that the best point to choose 
as the zero time for the different temperatures is about 5 to 10 min. af ter 
the water in the basin had taken on the new temperature. There is of 
course some variation in choosing this point but in the main the course 
of the "zero~hour"~line will be as is given in fig. 3. The "02~curve" is an 
optimum curve while at higher temperatures the O 2 values approach the CO2 
va lues and therefore decrease. The course of the "C02~curve" does not 
follow the theoretica I curve, but perhaps this is also chiefly due to the fact 
that at higher temperatures carbohydrates are consumed instead of fats. 

Experiments on a starch medium. 

When the temperature of a culture of Phycomyces grown on a starch 
medium is changed from 25° to a lower temperature the O 2 absorbed 
becomes constant directly. The same is the case with the CO2 given off. 
at the most it is a bit higher at first and therefore also the respiratory 
quotient. The transition from 25° to 15° is given in fig. 2a. 

The reverse, the transition from 15° to 25° is shown in fig . 2b. Here 
again it is evident that in contrast to the respiration on media rich in 
oil. the O 2 absorbed becomes constant directly and that the respiratory 
quotient remains constant. 

There is also little change in the respiratory quotient when the 
tE':mperature of the cultures is raised above 25° . 

44* 
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Only if the temperature reaches a point where it becomes injuriolls to the 
fungus the quotient gradually approaches the value of 1.00. 

Fig. 2a. Fig . 2b. 
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Fig. 2c. Fig.2d. 

Fig. 2. The respiration of Phycomyces on starch media. 
For explanation see text and fig. 1. 

The transition from 25° to 30° is given in fig. 2c. At 32°.5, 35° and 
37°.5 (fig. 2d) the respiration decreases owing to the noxious nction of 
the temperature. This decrease is, however, much slower than that observed 
on the fatty media and at 32°.5 finally even becomes constant which is 
not the case on the oil-media. From th is fact it is therefore also evident 
that on starch media Phycomyces can stand higher temperatures better 
than on oil media. 

From the curves given it is obvious enough that the respiration adapts 
itseH directly to new temperatures and not gradually as KUYPER and 
RUTGERS supposed. Whenever the adaptation seems to be graduaI, (the 
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absorption of O 2 on fatty media) there is a definite reason for this behavior. 
The "zero~hour"~line was also constructed for starch media (fig. 4). 
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Fig. 3. The respiration on media rich in oil at different temperatures. 
The ordinate-axis represents the rate of respiration in ccm per hour, the abscis sa
axis the tempera tu re in degrees Centrigrade. The broad lines represent the course of 
the "zero-hour" -line, the thin ones give the theoretical va lues for the higher 
temperatures. The constant values of the 02 absorbed below 25°, attained after 
same time (as explained in the text) are indicated by a thin line. 
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The curve shows the remarkable fact that the intensity of respiration 
(as measured by gas~exchange) is an almost linear function of the 
temperature. The temperature curve as constructed from the data cbtained 
from oi! media was slightly convex towards the temperature axis. 

The respiratory process on starchy media where CO2 and O 2 respiration 
run more or less parallel. seems to be less complicated than that on 
oily media. 

The curve seems to suggest that the "zero~hour"~line here also deviates 
from the theoretical curve at higher temperatures. 

A detailed account. dealing with experimental methods and a wider 
range of external factors. will appear soon. 

theor. 

theor. 
10 

5 

400 

Fig. 4. The respiration on starch media at different temperatures. 
For explanation see text and fig. 3. 
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Astronomy. - "The proper motions of the globular clusters Messier 
13. 56 and 2 and their internal motions.". By ADRIAAN VAN 
MAANEN. 

(Communicated at the meeting of June 25. 1927). 

In a previous paper the preliminary results were given of the proper 
motion of and in the globular cluster. Messier 13; these results were 
derived from two pairs of plates taken at the Cassegrain focus of the 
sixty~inch Mount Wilson reflector. taken with intervals of 9 and 11 
years. respective1y. The present paper discusses the results from two 
pairs of plates of Messier 56 and one pair of Messier 2. taken with 
intervals of 9. 11 and 11 years. respectively. at the Cassegrain~focus of 
the sixty~inch reflector (equivalent focal~length = 80 feet) and from one 
pair of plates each of Messier 13 and Messier 2. taken with intervals 
of 14 and 15 years. respective1y. at the Newtonian focus of the same 
instrument (focal~length = 25 feet). 

As two of the comparison stars used in the former communication 
showed a considerable proper motion and two other comparison stars 
used th ere could not be measured on the plates taken at the 25~foot 
focus plates. the former results were reduced with the exclusion of these 
four stars. The annual proper motion of the members of the clusters is 
thereby changed very little viz .• 0//.0015 in each coordinate. 

All plates were measured with the monocular arrangement of the 
stereo~comparator in four positions, with East. West. North. and South 
in the direction of the increasing readings of the micrometer screw. 

In the case of the first measures of Messier 13. Dr. SHAPLEY had 
indicated which stars might be members of the cluster and which not. 
The comparison stars were selected from the latter. the selection being 
based on distance from the center. magnitude and color~index. For the 
later measures of Messier 13 and for those of Messier 2 and 56. no 
such data were available. Accordingly a limiting distance was adopted. 
outside of which it was assumed that no stars were members of the 
clusters. The cluster~stars were chosen well within these Iimits. It is, 
however, still possible that some of the comparison stars may belong 
to the cluster. and that some of the clusteJ;~stars are in reality foreground 
or background stars; but the number. in either case. will probably be 
small and cannot disturb the mean motions very seriously. 

The magnitudes of the stars measured in Messier 13 are due to 
Dr. SHAPLEY, except for 22 very faint stars measured on the 25~foot 
focus plates; these were estimated to be between the eighteenth and 
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nineteenth magnitudes. For Messier 56 the magnitudes were derived by 
Dr. PANNEKOEK and for Messier 2 by Mr. J. A. BROWN, to both of 
whom, together with Dr. SHAPLEY, I wish to express my sincere thanks 
for their kind cooperation. 

From the proper motions found for the members of the clusters the 
following conclusions can be drawn: 

A. The relative motion of the three clusters with respect to the mean 
motion of the comparison stars is: 

Messier 13: ft" = + 0".0015; 
Messier 56: ft« = - 0.0018; 

Messier 2: ft" = + 0.0061; 

ft. = + 0".0005 

ft. = + 0.0066 

ftd' = + 0.0042. 

With the help of Table 26 of "Groningen Publications", N°. 29, we 
can compute the mean parallactic motions of the comparison stars and 
the corrections from relative to absolute motions of the clusters. These 
last are then: 

Messier 13: ft" = + 0".0005; 
Messier 56: ft" =- 0.0013; 

Messier 2: ft" = + 0.0082; 

ftó' = + 0".0008 

ft. = + 0.0066 

ft.' = + 0.0026. 

Although only th ree clusters are included in the discussion, it seems 
worth while to derive from these motions an indication of their mean 
parallax with the help of the relation between parallax, proper motion, 

and radial velocity. Using STRÖMBERO's recent value V = 329 km/sec. 
for the mean radial velocity of the globular clusters, the result is: 
;; = 0".000061. which compares favorably with the mean of the three 
parallax es found by SHAPLEY, viz., 0".000065. 

B. The proper motions of the probable members of the clusters were 
used to compute the probable errors of the motions ; for this the devia~ 
tions of the individual stars from the mean cluster motion were utilized. 
This gives an upper limit for the probable error, since the internal 
motions, while smalI, may still amount to a few thousandths of a second 
of arc, and further, some stars may have been included which are 
not members of the clusters. For the plates secured at the Cassegrain~ 
focus we find th at the probable error of an individual yearly ft" or fto 
derived from one pair of plates is 0".0030, for the plates secured at the 

Newtonian~focus, 0".0044; this can be expressed 

0".064 . 
--- , respectlvely, if n is the interval in years. 

n 

0".030 
better as and 

n 

C. In "Mount Wilson Contributions", N°. 129 1), PEASE and SHAPLEY 
have called attention to the asymmetry found in several globular clusters. 
While this asymmetry is extremely smalI, if not negligible, for Messier 

I) Astrophysical Journal, 45. 225. 1917. 
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56. they were able to derive "galactic planes" for both Messier 13 and 
2. From the flattening of several of the clusters. as weIl as from theo
retical reasons. we might expect the stars in the clusters to be moving 
in orbits parallel to the galactic planes. around the center of gravity. 
but according to RusselI such motions should be less than 0".001 per 
year even in the nearest of the clusters. The internal motions for the 
two clusters. Messier 13 and 2. were analyzed into components. parallel 
to and at right angles to these planes. In both cases the positive sign 
was used for motion in the directions southeast and away from the 
"galactic plane". respectively. The results are: 

Messier 13 

Two pairs of plates. l ft // = - 0".0004 ± 0".0003 
80-foot focus _ 

!1. l. = + 0.0005 ± 0.0003 

One pair .. 25-foot l ~ // = - 0.0001 ± 0.0005 
!1. l. = - 0.0008 ± 0.0005 

One 

One 

Messier 2 

~ ft // = - 0".0003 ± 0".0002 
pair of plates. BO-foot focus ( ft l. = + 0.0002 ± 0.0002 

25-foot l ~ // = + 0.0004 ± 0.0006 
.. !1. l. = - 0.0004 ± 0.0005. 

The dispersion of the motions in tbe direction parallel to and at right 
angles to the "galactic plane" is practically the same; this indicates that 
th ere is no pronounced motion parallel to the galactic planes. 

D. The internal motions for all three clusters were finally analyzed 
into radial and tangential components. the positive sign being used for 
motion outward and in the direction NES W. 

A radial motion might be expected if the clusters were either expanding 
or contracting. For Messier 13 we find from the BO-foot focus plates 
the mean radial motion + 0".0006 ± 0".0003. and from the 25-foot focus 
plates + 0".0013 ± 0".0005; for Messier 56. - 0".0002 ± 0".0005; for 
Messier 2. - 0".0004 ± 0".0003 from the 80-foot focus plates and 
+ 0".0019 ± 0".0005 from the 25-foot focus plates. While there is slight 
preponderance of the positive sign. indicating an expansion of the clusters. 
the amount is too small to draw any definite conclusions. 

From C it follows that the motions resulting from a possible rotation 
of the clusters are smal!. Tangential components of the motions were 
derived therefore only because evidence of such motions had been found 
in the measures of spiral nebulae. The results for the clusters are: 
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l

two pairs of 80~foot focus plates: ~ot. = + 0".0001 ± 0".0003 
Messier 13 

one pair of 25~foot.. ..: .. = - 0.0034 ± 0.0004 

Messier 56 two pairs of 80~foot ;-rot. = - 0".0002 ± 0".0003 

2l

one pair of 80~foot 
Messier 

one pair of 25~foot 

;-rot. = + 0".0001 ± 0".0002 

.. = - 0.0026 ± 0.0005 

In the mean. the tangential component for all the cluster plat es taken 
at the 80~foot focus is exactly 0".0000. while in the case of Messier 33. 
observed at that focus. an annual tangential component of 0".0140 was 
found; for the cluster plates taken at the 25~foot focus the mean tangential 
component for Messier 13 and 2 is 0".0030. while for seven spirals it 
is 0".0184. 

It has been thought that the large displacements in the spirals might 
be due to a difference in quality in the old and the new plates. In that 
case the annual motions derived would be smaller for pairs of plates 
with longer intervals. but the total displacements would be of the same 
order. and should be the same for both the clusters and the spirals. 
We find. however. that the total rotational displacement in the case of 
the 80~foot focus plates is 0".070 for the spirals. 0".000 for the clusters. 
and. in the case of the 25~foot focus plates. 0".174 for the spirals. and 
0".044 for the clusters. 

The length of exposure too cannot have caused the displacements in 
the spirals ; for all the 80~foot focus plates for Messier 33. as well as 
for the clusters. these were about half an hour. except for Messier 2. 
where the exposure times were 15 and 20 minutes. The exposures for 
the 25~foot focus plates of the spirals ranged from one hour to eight 
hours. while for the clusters they were 100 minutes and five hours. 
respective1y. 

Since the comparison stars for the spirals are brighter. on the whoIe. 
than the nebular points measured. it has been suggested that the rotational 
displacements found in the spirals might be due to some obscure 
magnitude error. It was for this reason that several faint objects were 
measured on the plates of the clusters taken at the 25~foot focus. While 
no stars fainter than magnitude 16.5 could be measured on the plates 
taken at the 80~foot focus. the range in magnitude for the 25~foot focus 
plates was from 12.5 to the eighteenth or nineteenth magnitude for 
Messier 13. and from 10.3 to well be10w the seventeenth magnitude for 
Messier 2. No correlation whatsoever seems to exist between magnitude 
and tangential component. 

The result of the investigation therefore is not only a further proof 
that the internal motions in the globular clusters are extremely smal!. 
but it is also a proof that the displacements found in the spi ral nebulae 
cannot be due to any of the systematic errors discussed above. 

Pasadena. California. U.S.A .. May 1927. 



Anthropology. - On the continuanee of the Increase of Stature in 
Holland. By Prof. A. J. P. VAN DEN BROEK. (Communicated by 
Prof. L. BOLK.) 

(Communicated at the meeting of June 25, 1927). 

In 1925 the "Kon. Akademie van Wetenschappen" appointed a 
committee for the study of the anthropological composition of the Dutch 
people. lts task comprises, besides a historical review of the Dutch 
anthropology, an investigation of the stature, the shape of the head, the 
colour of hair and eyes, and the biological blood~examination. 

In the following pages we shall report a few results of the examination 
of the stature, and chiefly of the phenomenon of the increase in length. 

This phenomenon is well~known, BRUINSMA as weIl as BOLK have 
given their attention to it in their studies of 1907 and 1910. It is 
nevertheless of interest to continue the study of this increase of stature, in 
the first place to see whether it is still proceeding in the same measure as 
the previous data indicate; secondly to ascertain whether the great war 
and the consequent troubles in the food~supply has brought any change, 
and thirdly because the present exhaustive research admits of entering 
into many details. 

We will preface our investigation with a few words about its technique. 
The measures have been derived from the registers of the conscripts in 

the Provincial Registries, i.e. all individual measures were noted down, 
in order to compute from them the averages. 

First of all I feel urged to express my indebtedness to the Provincial 
Governors, and to the officials involved, for according me the free use of 
these registers, and also to those who took upon them the laborious work 
to enter these measures in the proper lists. This is no doubt a cumbrous 
and a time~consuming procedure, but on the other hand it yields the 
most accurate results. 

The registers alluded to above contain the names of all the 19~year~0Id 
men; of nearly all of them the stature has also been given, so that the 
survey is, indeed, very complete. From these provincial registers the 
measures have been drawn for every municipality separately, and an 
average has been computed for each of them. It stands to reason that such 
an average is only of relative significance for the small municipalities with 
their small number of conscripts, as in a definite year this average may be 
considerably influenced by a single very short, or a single very tall 
individual. 
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This difficulty has been obviated by taking the averages for a period 
of 5 years. We chose the period from 1921-1925, in which 285330 
measures were entered. The average found for every municipality has 
been mapped out and has been indicated by different hatching. The two 
maps accompanying this paper show the result. On the first map we see 
all statures of 170 cm. and upwards; on the second those under 170 cm. 

In this way the statures in the various parts of the country can be 
surveyed at a glance. 

The working of the material, just now described, differs slightly from 
BRUINSMA's and BOLK'S method. 

These investigators derived their material from the lists of the Central 
Office for Statistics, and made groups of certain statures. BRUINSMA di
stinguishes four groups, viz. less than 155 cm.; 155-159 cm.; 160-
169 cm. and upwards of 170 cm. 

BOLK made 6 groups, viz. minimal «150 cm.); very sm all (150-
155 cm.); small (155-160 cm.); middle-sized (160-170 cm.); tall 
(170-180 cm.) and very tall (> 180 cm.). 

It is evident that it is rather the procentic relation of the various groups 
and the shiftings of these relations that find expression in their groups, 
than the absolute measures that were calculated in the present inquiry. 

Still, a comparison is possible. 
For the years 1863-1925 BRUINSMA reports the mean statures of the 

conscripts in periods of 5 years, but he does not say how the averages 
have been obtained. 

BOLK also gives for his six groups a mean stature for the provinces : 
148 cm., 152 Yz cm., 157Yz cm., 165 cm., 175 cm., and 182 cm. This author 
holds the opinion that the results yielded by these averages can differ only 
slightly [or not at all] from the actual averages. 

He also adds, that "es sich leicht nachweisen lassen würde dass die 
durch diese Methode gefundene Durchschnittmaasse eher etwas zu klein 
als zu gross ausfallen müssen". (1. c. page 38) . . 

BRUINSMA points to a detail that of course vitiates his calculations, viz. 
the fact formerly not all conscripts were measured, but only those that came 
personally to draw. This leads him to conclude "that the average stature 
of the measured recruits is on that account smaller than that of all the 
recruits collectively". This resuhs from the fact that those recruits, whose 
stature was not up to the mark, came to draw, because they were sure of 
being rejected, whereas it was just most of the taller ones that stayed away. 
This holds for the towns far more than for the country. 

In later years the measurements were taken at the same time when the 
recruits were examined medicalIy, so that these data are far more complete. 
Our results must be considered in connection with the small differences 
resulting from the different methods of inspection. 

The following table shows the average stature of the Dutchman in the 
periods of which data are at our disposal: 
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Perlod Average Stature Investigator 

1863-1867 164 .1 BRUINSMA 

1867-1872 164.5 

1872-1877 164 .9 

1877-1882 165.2 

1882-1887 165.6 

1887-1892 166.4 

1892-1897 166 

1898-1907 168.72 (168.60)*) BOLK 

1921-1925 170.77 V. D. BROEK 

This table shows at a glance that the stature increases regularly, and that 
in recent years this process has been progressing. For the first three 
periods recorded by BRUINSMA the increase is approximately equal, and 
amounts to 0.8 mmo for each year. Then follows a period of 5 years with 
an increment of 1.6 mmo per year, succeeded by a period of a slight fa I!. 
as had indeed been pointed out by BRUINSMA. 

1898-1907 1921-1925 

I I 

Increase 

Number Average*) Number Average 

Groningen 25586 169.5 15738 171.47 1.97 

Friesland 28268 169.7 16371 172.33 2.63 

Drente 12273 167.46 8849 170.80 3.34 

Overijsel 27966 168.32 19715 171.05 2.73 

Noord-Holland 80857 169.1 51822 171.61 2.51 

Zuid-Holland 91485 168.91 70848 171.17 2.26 

Utrecht 20145 169.56 14487 171.33 1.77 

Gelderland 47116 168.2 31816 170.59 2.39 

Zeeland 18741 167.57 10150 169.78 2.21 

Noord-Brabant 45070 166 .85 28384 168.79 1.94 

Limburg 24822 167 .48 17150 167 . 83 0.35 

Nederland 422629 168.6 285330 170.77 2.17 

*) These averages have been calculated from the procentic ratios of the various statures, 
as given by BOLK in the Ned. Tijdschrift voor Geneeskunde 1909. 
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Putting the lapse of time between the latter results of BRUINSMA, and 
those of BOLK at 10 years, we get a mean increase of the stature in that 
period of no less than 2.2 mmo per year. 

Between the years 1903 (the average of the period 1898-1907), and 
the year 1921 the increase amounts to 0.86 mmo per year, and in the latter 
period of five years it is 1.8 mmo per year. 

Before discussing the cause of this phenomenon we have to answer the 
question whether all the parts of the country have equally contributed to 
bring about this result. The answer will be found in another tabie, in 
which we have tabulated the average statures for the periods 1898-1907 
and 1921-1925, together with the number of individu als underlying our 
calculations. (See tab Ie 2.) 

This table shows first of all, that the increase of stature is observed 
in all the provinces, but that great differences occur. I am able to add that 
the lists of all the municipalities individually show that the increase took 
place in every one of them. We can, therefore, say that it is universa I 
and is not restricted to a definite class, or district. 

It is of interest to establish this, as it follows, that we have not to do 
only with environmental conditions, or with conditions of welfare. 

Various provinces present marked differences. The general average for 
the whole state is surpassed by the provinces of Friesland, Drente, Over
ijsel. Noord-Holland, Zuid-Holland, Gelderland, and Zeeland. 

It is most striking th at the stature increases by as much as 3.34 cm. 
in the space of 20 years in the province of Drente, as it goes without 
saying that Drente is not at all the most prosperous, nor the most 
fertile province. 

A look at the map of Drente specially shows, that the distribution of the 
statures is rather regular. In a small middle-zöne from S. E. to N. W., 
including the municipalities of Steen, Rolde and Vries, the stature is 
169 cm., in the largest portion of the province it is 170 cm., while it rises 
in the South West as high as to 171 cm. The municipalities of Meppel, 
Nijeveen, and Ruinerwold have, just as Assen, a stature of 172 cm., while 
only in the Northern municipality of Eelde an average of 173 is attained. 
These figures serve to bring out the fact that the provincial average does 
not result from a group of very tall men in a small district, who would 
be able to markedly affect the general average. 

It is of interest now to compare the present results with those obtained 
by BOLK in 1910. In his study "On the increasing of the stature of the 
male population of the Netherlands" this investigator reports th at between 
the years 1898 and 1907 the number of minimals fell from 2.3 % to 1 %, 
while also the number of the very sm all ones in this province had decreased 
most, viz. 1.5 %. Compared with other provinces it may be assumed that 
already in this period the population of Drente was growing faster than 
that of the other provinces, also when considering that in the said period 
the population of Drente was the smallest in the Netherlands. In the 
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period 1898-1907 the average length was in 9 provinces greater than in 
Drente, and smaller only in one province (Noord~Brabant). In the period 
1921-1925 Drente is the 7th in order and the average length in the 
provinces of Gelderland, Zeeland, Noord~Brabant and Limburg is smaller. 
No doubt a very remarkable improvement in the physical condition, as 
expressed in the stature. 

In establishing the great difference in stature in the period investigated 
by BOLK (1898-1907), and the one examined by me (1921-1925), one 
is inclined to think that it results from the difference of the methods. This, 
however, is not the case, for if it were so, a similar difference would exist 
also for other provinces in a still higher degree. The exceptionpresented 
by Drente does not originate in a difference of methods. 

However, in order to invalidate this argument completely, I have 
computed the relations of the period 1916-1925, according to BOLK'S 
division. To the following effect. 

In the period 1898-1907 the number of conscripts smaller than 155 cm. 
amounted to 4.87 %; that of the conscripts taller than 170 cm. was 
35.73 % of the tota!. In the period 1916-1925, 1.35 % of the inspected 
con scripts we re smaller than 155 cm. On the other hand no fewer than 
55.68 % were taller than 170 cm. 

From this it will be seen, how very large was the shifting to the larger 
measures in this period. 

Does the process of growth in this province come to a standstill ? 
We are justified in asking this question with a view to the result 

mentioned in the table on page 693. The increase of stature between the 
years 1921 and 1925 being 0.24 cm. In the period 1916-1921 it 
amounted to 1.35 cm. I deem it impossible to fully answer this question 
on the basis of the data at my disposal at the present moment. 

A second question that rises is whether the increase in stature is a 
phenomenon of the autochtonous population, or whether it has arisen from 
immigration. 

As to this the following remarks can be made. 
The increase of population in Drente has been very large in the period 

from 1830-1920, the largest but one in the whole country. Drente is 
surpassed in this respect by only one province, viz. Zuid~Holland. 

Drente does not possess large towns. Zuid~Holland has more of them than 
any other province. As regards Drente there is no question about 
migration to the large towns. 

The conditions of the soil and of environs are not such as to induce 
people from Groningen and Friesland to migrate in large numbers to the 
less prosperous province of Drente. This is why I may be allowed to 
assume, that it is the autochthonous population that increases in stature. 
The large birth~rate surplus, which is almosthighest in Drente lends 
support to this assumption. 

Overijse! occupies the second place with an increase of 2.73 cm. 



690 

Fig. 3. 

Farts in which in 1921-1925 the average stature was > 170 cm. 

~ Parts in which in 1898-1907 more than 50 % of the conscripts were > 170 cm. 
(af ter BOLK) 
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In this province the average statures in the different municipalities 
present larger divergencies than in the province of Drente. They vary 
from 165 to 173 cm. The increase of stature in the period between the 
present data and BOLK's, is virtually the same for all districts. Prof. 
BOLK'S pronouncement of 1909 and 1910 might be applied verbally here. 
On the accompanying map it can be seen at a glance that the industrial 
districts and the towns contrast favourably with their surroundings. 
Hengelo, Enschedé, Oldenzaal. Stad and Ambt~Almelo are so to speak 
islands with a taller population among the smaller country~people. 

The following communication occurring in BOLK's description of his 
investigation might as weIl be recorded as a result of the present research. 
It runs: The smallest population of our country lives in a small zone. 
proceeding through the middle of Overijsel from the South to the North. 
This zone includes besides the villages of Laren in Gelderland, the 
following Overijsel municipalities: Bathmen, Markelo, Holten, Raalte, 
Dalfsen and Ambt Ommen. However, as soon as we go a little eastward 
of the zone just described, the population~type changes for the better, as 
we come in a district poor in undersized recruits and rich in tall and very 
taU ones. This district includes the municipalities Ambt Almelo, Stad 
Almelo, Borne, Hengelo, Oldenzaal. Lonneker, and Enschedé. 

Of these two groups of municipalities I once more computed the statures 
in the years 1921 and 1925 separately, to the following effect: 

Group Laren, etc. 

Group Almelo etc. 

1921 

168.15 

171.40 

1925 

169 .09 

172.66 

Increase 

0 .94 

1.26 

Indeed, the pronounced difference in stature between the two groups 
exists also now and even in a higher degree, the growth of the tallest group 
being slightly more intense. A change from the condition of the beginning 
of the century is that at present the Overijsel~group of municipalities with 
the smaU population no longer belongs to the smallest of the whole country, 
for already in 1921 they surpassed the averages of the province of Limburg. 
This could, indeed, be anticipated in view of the pronounced increase of 
stature in the whole province. The second group of municipalities, the 
industrial district of Twente, indeed, prossesses a population that belongs to 
the tallest in the Netherlands. 

As to Utrecht we call attention to the phenomenon that apparently has 
existed long, viz. a relative increase of the number of small people. In a 
total of 14487 men th ere were in the period 1921-1925 no fewer than 155 
shorter than 155 cm. i.e. 1.07 %. 

In the period 1898-1907 this relation was only 0.95 %. 
45 
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Very likely it is this increase of the number of short people that brings 
down the general increase of stature in th is province, which is with 1.77 
rather far below the general average in the whole country. The number 
of tall men (> 1.70) has increased from 47.4 % in 1898-1907 to 61.11 % 
in 1921-1925. 

When asking what might be the cause of this remarkable fact, one is 
reminded of the relatively frequent occurrence of goitre in this province, 
and one is apt to suppose some causal connection between the two pheno~ 
mena. Only an extensive investigation of this province, and of other parts 
of the country where goitre has also prevailed, will enable us to settle 
this question. In the present paper we only wish to call attention to it. 

One word about the province of Noord~Holland: 
The increase of the average stature in this province is considerable and 

agrees about with that in the province of Friesland, Gelderland, Zuid~ 
Holland, and Zeeland. It is expedient to keep Amsterdam apart hom the 
rest of Noord~Holland on account of the large number of Jews, that 
Amsterdam supplies. On the map, indicating the average stature, it may 
be seen already that this stature is considerably smaller than in its vicinity. 
The following table illustrates a detailed study of the increase of stature : 

Amsterdam 

N.-Holland 
without Amsterdam 

1898-1907 

Number Average 

41796 168.4 

39061 169.84 

1921-1925 

Number Average Increase 

27119 170.8 2.40 

24703 172.47 2.63 

Two facts are illustrated here. Firstly that the people of Noord~Holland 
with the exc1usion of Amsterdam, are the tallest of the Netherlands, and 
secondly that the increase of stature outside Amsterdam is a little larger 
than that in Amsterdam. This difference, however, is so little that it may 
be disregarded. Also here a detailed investigation of Amsterdam itself. 
such as K. H. BOUMAN made for the schoolchildren, would yield 
further results. 

Finally the province of Limburg. Here the increase of stature between 
the periods studied by BOLK and by the present writer amounts to 0.35 cm., 
far less than in all the other provinces. That this slight increase is not to 
be considered exc1usively as a racial feature. appears directly hom a 
comparison with Noord~Brabant and Zeeland. 

True, it may be expected à priori that the increase of stature of a short 
race, i.c. the Alpine, will in a definite space of time be less than in a tall 
race i.c. the Teutonic, but this by no means accounts for the relation in 
Limburg. In Noord~Brabant, where the alpine element of the population 
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is not smaller than in Limburg, the increase of stature is much greater than 
in this province. Also in Zeeland where the Alpines form a considerable 
element, the increase o.f stature is much greater. 

An exclusive racial factor, therefore, is hardly to be thought of. Af ter 
this the idea of immigration forces itself upon us, especially in the mining 
district. An investigation into the increase of population, the birth~rate 
surplus in Limburg, does not favour the idea of considerable immigration. 
For this province also an investigation of long er periods has to be looked 
out for, before there can be any question of a further pronouncement. 

Finally I tabulated the figures for the statures in the years 1921 and 
1925 separate!y. 

~1 1925 Increase 

Groningen 170.90 171. 60 0.70 

Friesland 172.09 172.44 0.35 

Drente 170.68 170.92 0.24 

Overijsel 170 .65 171.51 0.86 

Noord-Holland 171.04 171.82 0.78 

Zuid-Holland 170.47 171. 23 0 .76 

Utrecht 170.09 171. 76 1.67 

Gelderland 170.15 170.90 0.75 

Zeeland 169.92 170.98 1.96 

Noord-Brabant 168.60 168.99 0.39 

Limburg 167.56 168.08 0.52 

Nederland 170.27 170.97 0.70 

This table shows that in the period from 1921-1925 there is an increase 
of the average stature of 7 mmo This average is surpassed in the provinces 
of Overijse!, N.~Holland, Z.-Holland, Utrecht, Gelderland and Zeeland. 
In the others it was lower. - We made the comparison to ascertain whether 
th ere was any influence of the war-time with its exceptional feeding
conditions, on the growth of stature. Researches in Germany have made 
out that the baa feeding-relation in the latter years of the war and the 
year 1919, have largely influenced the physical conditions of the young 
people. - The conscripts of the year 1921 were 12 years old in 1914, i.e. 
the years of the war (and the year 1919) fall for them in their life-period 
from 12-17; the conscripts of 1925 were in 1914 only 8 years old, so that 
for them the war-period feIl in their life- time from 8-13 years. 

45* 
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If with us the shortage of food had been so great as to be highly 
detrimental to the growing organism, this would have been evidenced 
either by an excessive difference between the two groups, or by the absence 
of such a difference. 

Now this is not the case, so that we must conclude th at the process of 
growth as such, has not been influenced by underfeeding during the said 
years , or that a contingent~deficiency has been compensated later on. 



Anatomy. - Structural parallelism in the midbrain and tweenbrain of 
teleosts and of birds. By E. HORNE CRAIGIE Ph.D. (Toronto) and 
RICHARD M. BRICKNER M.D. (New Vork). From the Central 
Institute for Brain Research, Amsterdam. (Communicated by Dr. 
C. U. ARIËNS KAPPERS). 

(Communicated at the meeting of September 24, 1927). 

In the course of recent investigations on certain aspects of the brain 
anatomy of fishes and of birds carried on by the respective writers, 
(BRICKNER '28, CRAIGIE '28) it became apparent that a remarkable paral
lelism exists between some of the principal structures of the midbrain and 
of the 'tweenbrain in the two groups studied. The general phylogenetic 
relations of these parts are discussed in the paper on the midbrain and 
thalamus of the teleost (BRICKNER '28) , but it appears worth while to 
consider in a little more detail the analogies observed in the two classes 
mentioned. 

At first sight it may appear to be temerity to compare directly two groups 
of animals so far apart in the vertebrate series, and especially to do so 
without a full treatment of the intermediate groups. 

There are, however, important considerations which invite such 
comparison and render it of definite biological interest. 

The classes con si de red are both essentially visual in habit, the sense of 
sight being one of the most important in each. Moreover, these are the two 
classes of animals which regularly move in a labile medium without constant 
solid support, so that the equilibratory sense (with the related one of the 
lateral line organ in the case of fishes ) must also be of great importance. 
The structures to be discussed, while probably concerned with the 
correlation of these two functions, have to do mainly with the former one. 

Hence it is to be expected that the centres concerned with both these 
senses will show a more or less parallel development, and, far apart as the 
animals may be phylogenetically, it is reasonable to look for similarity in 
structure resulting from convergence in evolution. 

The present review, therefore, must not be regarded as an attempt to 
draw definite homologies, except in the case of the inner segment of the 
dors al thalamus as a whoIe, but rather as a presentation of an interesting 
series of analogies resulting from functional resemblances, as outlined 
above. 

In the inner part of certain porti ons of the mesencephalon and thalamus 
of the fish, there are three main areas, all of which approximate the midline 
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(Fig. 1). The dorsal one has been termed the nucleus mesencephali 
dorsalis, the middle one the inner segment of the dorsal thalamus and the 
ventral the nucleus mesencephali ventralis (BRICKNER '28). 

T. 
............. 

PA. 

H 

Fig. 1. Transverse section of the brain of Pleuronectes limanda. 
(Weigert Pal preparation). 

H. = hypothalamus; I .N. = inner segment of the dorsaJ thalamus; N. M . D. = Nucleus 
mesencephali dorsalis with fibers entering it from the tectum; N.M. V. = Nucleus mesen
cephali ventralis ; P.A. = pars anterior of the corpus gJomerulosum (Nucleus anterior of 
authors); P.C. = posterior commissure ; T. = tectum; Tr.S. = tractus strio-thalamicus. 

The teleostean inner segment (I. N. Fig. 1, 2, 3) has received its name 
partly because of its general position in the brain, but especially because 
it is bounded ventrally by a sulcus, considered comparable (KAPPERS, 

p. 931 , 1921) to the sulcus medius of amphibia, as described by HERRICK 

('17) in his account of the brain of N ecturus. 
It lies (ventro~dorsally) between two tegmental motor areas (nuclei 

mesencephali dorsalis et ventralies, Fig. 1). It occupies all the transverse 
levels of the posterior commissure, and extends further, both caudally and 
frontally, than the latter, reaching as far as the habenula. lts lateral border 
is difficult to de fine , but medially it forms a distinct projection into the 
third ventricle. lts frontal part is limited ventrally by the sulcus juSt 
referred to, which is usually quite deep (Fig. 1), but which rarely, if ever, 
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is present under the caudal portion of the inner segment. The fascieulus 
retroflexus passes over the area directly caudal to its medial portion. 

-

I 
I 

Tr. m.v.- 5 . 

P.C. 

I 

RL.F. 
Fig. 2. Sagittal section of the brain of Periophthalmus kohlreuterl. 

(Weigert Pal preparation). 
e. = cerebellum; F. = forebrain; F.D. = fasciculus descendens lying in the nucleus mesen

cephali ventralis ; FR. = fasciculus retroflexus surrounded by medullated fibers running to 
the nud. mesencephali dorsalis ; H . = hypothalamus; P.e. = fibers to the posterior com
missure ; PL.F. = posterior longitudinal fascicule; T. = tectum; T. m. v. B. = Tractus mesen
cephali ventralis bulbaris induding a sm all part of the tr. hypothalamo-bulbaris. 

The teleostean inner segment is fairly large. but not nearly so extensive 
as the avian one. It is not highly differentiated. most of its connections 
being either completely or almost unmyelinated. 

It has not been possible. so faro to divide it into distinct nuclei. or even 
regions. so that it is also extremely simple in comparison with the inner 
segment of the bird. 

In the fishes. it is connected with the optie nerve. tectum. geniculatc 
body. and nucleus intermedius of GOLDSTEIN (probably part of the 
geniculatum) by large fibre bundIes. Through the lat ter nucleus. it has 
further extensive relations with large parts of the visual area. There are a 
very probable forebrain connection (tractus segmento-interno-telencephali · 
cus). and a definite contingent of fibres relating it to the hypothalamus 
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(tractus segmento~interno~hypothalamicus, see fig. 3). Whether these 
various connections are concerned with different sections of the teleostean 
inner segment, it is, of course, impossible to say at present. 

N· M.'i-,. - . 

Fig. 3. Transverse section of the bra in of Gasterostens aculeatus 
(silver preparation). 

P.R. = fasciculus retroflexus; H. = hypothalamus; I.N. = inner segment of the dorsal 
thalamus; N .M.D. = Nucleus mesencephali dorsalis ; N.M. V. = Nucleus mesencephali 
ventralis; P.C. = posterior commissure ; T. = tectum; Tr.S.I.H. = Tractus segmento
interno~hypothalamicus. 

In the bird, the inner segment of the dors al thalamus is a reg ion of large 
size and considerable complexity, comprising several very distinct nuclei. 
lts position is somewhat more ventral and more lateral than in more 
primitive classes, on account of the pressure of the cerebellum and cerebral 
hemispheres, which has pushed all the more dorsal parts of the avian 
'tweenbrain and midbrain in a lateral and ventral direction, the optie lobes 
lying at either si de and the other parts being correspondingly shifted In a 
g'feater or less degree. 

RENDAHL ('24) has recently called attention to the fact that the ventral 
boundary of the dorsal thalamus (inner segment) is marked medially by a 
shallow ventrieular groove, corresponding to that in amphibians , and 
although the writers have been unable to detect this sulcus in any of a 
considerable series of adult avian brains (including Gallus, whieh RENDAHL 
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figures - loc. cit., fig. 72), they have seen it clearly in chick embryos of 
about 12 days. 

The most antero-dorsal of the nuclei is the anterior nucleus, which is 
characterized by the presence of a hypothalamic connection, the tractus 
mamillo-thalamicus (CRAIGIE '28), and has also a large efferent system to 
the forebrain, the tractus thalamo-striatalis medius. Behind and ventral to 
the anterior nucleus lies the dorsal nucleus, which also contributes to the 
medial thalamo-striatal tract ; and ventrolateral to this, forming a 
continuous zone with it - though very distinctly delimited - is the nucleus 
rotundus. This topographic relation of the nucleus rotundus to the gray 
matter dorso-medial to it (undifferentiated nuclei anterior and dorsalis ) is 
similar in crocodiles ( cf. KAPPERS '21 , fig . 461-462). The nucleus 
rotundus is one of the most conspicuous objects in this region of the avian 
brain (fig. 4 and 5). It receives fibres from the tectum in the farm of a 
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Fig . 4. Part of a transverse seetion of the brain of humming bird (Chrysolampis mosquitus 
Linn.). The seetion slants so that ventrally it passes through the preoptic region. 

(Weigert-Pal preparation). 

A . Mes. = archistriato- (oecipito-) mesencephalie traet + strio-bulbar tract; Ant ThaI. = 
Nucleus anterior thalami; eer. = Cerebellum; C.P.D. = Posterior eommissure, dorsal 
part; c.P. V. = Posterior eommissure, ventral part ; D.S.D. = Dorsal supraoptic deeus
sation ; Dors. Th. = Nucleus dorsalis thalami ; F. Ret. = Fascieulus retroflexus ; Lat. Th . = 
Nucleus lateralis thalami; Mam Th. = mamillo-thalamie traet; N. Int. = nucleus inter
calatus; N . T . Sept. = nucleus traeti septi; O. = optie traet: P. chi = nucleus praeehi
asmaticus; Pres. D . = Dorsal praespiriform nucleus ; Pres. V. = ventral praespiriform 
nucleus: R . = nucleus rotundus: Sept. Mes. = septo-meseneephalie tract : T. Fr. Ex = 

external thalamo-frontal tract: V. Pedo = ventral forebrain peduncle. 
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very large tract (tractus tecto~thalamicus) running forward from the 
posterior region of the latter into its posterior end. It also receives vestibular 

/ 
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Fig. 5. Transverse section of the brain of a stork (Cieonia alba). 
(Weigert-Pal preparation). 

C. Post. = Posterior commissure ; C. Supt'. = Fibres from the suprainfundibular com
missure ; C. Tt'. = Transverse commissure ; F. Pedo V. = Ventral forebrain peduncle; 
Gen. = Corpus genieulaturn (laterale) : N. Lat. = Lateral nucleus of the thalamus: N. Op. Lat. = 
Lateral optie nucleus: N. Pt'. = Pretectal nucleus; N. Rot. = nucleus rotundus (posterior 
part. The transversely-cut fibres in the lateral and ventral parts belong to the tecto-tha
lamie tract) ; N. Sp. D. = Dorso- medial spiriform nucleus: N. Sp. V. = Ventro-Iateral 
spiriform nucleus; T. = Tectum; T. A.-Mes. = Archistriato-mesencephalic tract: T. Is. Op. = 
Isthmo-optie tract. 

fibres through the bulbo~thalamic tract (WALLENBERG '04). It has, besides. 
connections with the spiriform nuclei. From the nucleus rotundus arises 
the very large lateral thalamo~striatal tract. A smaller nucleus in a more 
postero~medial situation, the nucleus ovoidalis (CRAIGIE, = nucleus anterior 
of EDINGER and WALLENBERG), also contributes to the tractus thalamo
striatalis medius. 

The small fasciculus retroflexus bears a relationship to the inner 
segment essentially similar to that in teleosts, amphibians, and reptiles, 
running postero~ventrally from the habenula to the dorsal surface of the 
nucleus rotundus, though beyond this point it is difficult to trace it. 
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The teleostean inner segment, because of its position and connections. 
has been regarded as homologous with that of amphibia and rep til es 
(KAPPERS '21; BRICKNER '28) 

In comparing this area in teleosts and birds, we must, of course, allow 
for the displacement of the avian parts, referred to above. 

Nevertheless, the general position of the inner segment is very similar in 
the two groups. The transverse levels of the posterior commissure always 
include these; the frontal ex tent is always very great (as far as, or further 
than the habenula); the sulcus medius, weIl defined in adult fishes, is 
present in the corresponding place in chick embryos and the fasciculus 
retroflexus lies against the area. It is worth mentioning that the same 
general relations obtain in both amphibian and reptilian brains (cf. for 
example KAPPERS, '21, figs. 460-464). However, the fasciculus 
retroflexus of the fish runs immediately caudal to the posterior extremity 
of the inner segment, while in reptiles and birds it lies not only posterior 
to the inner segment, but also so far lateral as to form part of the boundary 
between the inner and outer segments. This dis placement is, apparently, 
due to the growth, particularly caudally, of the inner segment (cf. for 
example figs. 2 and 3 and DE LANGE 'U, fig. 24 1 )). 

The connections in fishes and birds, are also very similar. Considering 
all the factors together, the writers believe the teleostean inner segment to 
be the relatively small and undifferentiated forerunner of that of the birds. 
It is, of course, impossible to teIl what parts have given rise to particular 
nuclei, or even whether distinct primordia of these nuclei are present in 
fishes, but it seems at least that the nucleus rotundus and probably the 
anterior nucleus are already represented, whether in a somewhat differen
tJated or in diffuse form. Both of these have large forebrain connections in 
the bird, as has the segment, very probably, in the fish. The avian nucleus 
rotundus receives a greatly developed tract from the tectum and this is also 
seen in the case of the inner segment of the fish, while the anterior nucleus 
is distinguished by the presence of a mamillo-thalamic tract connecting it 
with the hypothalamus (fig. 3). It has been seen above, that such a 
connection is also to be recognized in the fish 2). 

In the fish, a large body, the nucleus mesencephali dorsalis, lies 
immediately dorsal. and to some extent caudal to the inner segment. While 
its cells are somewhat diffusely scattered, they are gathered into two main 
masses, a ventral. which occupies the ventral border of the complex, and a 
lateral. which lies along the caudo-Iateral side of it and has a smaller 
medial extension. Lateral to the nucleus is the pars anterior of the corpus 
glomerulosum (fig . 1; nucleus anterior of other authors). These two 
bodies comprise an extensive region, which we believe to be analogous to 

1) Reproduced by KAPPERS ('21) as his fig. 463. 
2) It must be pointed out that the tract referred to is not the same as the so-called 

"Tract. of Vicq d'Azyr" of NILS HOLMGREN. (-20, p. 274-275). 
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that of the avian nucleus spiriformis. This conception depends upon both 
the positions and the connections of the respective parts. 

The nucleus mesencephali dorsalis lies immediately dors al and the pars 
anterior of the corpus glomerulosum lateral to the inner segment, in the 
fish. Correspondingly, the dorso~medial part of the spiriform nucleus is 
situated exactly dorsal and its ventro~lateral position lateral to the posterior 
part of the nucleus rotundus, in the bird. 

The principal fibre connections of the teleostean nucl. mesencephali 
dorsalis are with the tectum, the geniculatum, the nucl. intermedius, the 
posterior commissure, the cerebellum and possibly the torus semi~ 

circulairs, with a probably descending pathway to the bulb. It has also a 
connection with the pars anterior of the corpus glomerulosum. The latter 
structure is linked chiefly with the tectum and the geniculate body dorsally, 
and through the pars rotundus of the corpus glomerulosum (nucleus 
rotundus of most authors) with the hypothalamus and the forebrain, 
ventrally. 

The relations in the bird present a remarkable parallel to these. The dorso~ 
medial spiriform nucleus receives fibres from the corpus geniculatem and 
from the posterior commissure. Some also probably end in it from the archis~ 
triato~mesencephalic tract. It gives rise to a descending tract running in the 
mediallongitudinal bundIe. The ventro~lateral part has astrong tectal con~ 
nection, and also receives fibres from the geniculate body and the torus semi~ 
circularis. It is furthermore the terminus of the strio~mesencephalic tract. 

Thus it seems clear th at a close analogy exists between these general 
regions in fishes and birds, in both of which they receive visual impulses 
have a forebrain connection, are intimately related to the posterior com~ 
missure, and give rise to a descending pathway to the bulb. The vestibular 
connection by means of the torus semicircularis occurring in the bird is 
perhaps also paralleled in the fish. The analogy might even be extended 
to the individual portions of the region, the teleostean nucleus mesencephali 
dorsalis corresponding with the avian dorso~medial spiriform nucleus and 
the pars anterior of the corpus glomerulosum with the ventro~lateral 

spiriform nucleus. The topographic relations of these nuclei in the fish bear 
almost exactly the respective relations to the inner segment and to each 
other that the avian structures mentioned bear to the nucleus rotundus and 
to each other (cf. figs. 1 and 5). In both the nucleus mesencephali dorsalis 
and the dorso~medial spiriform nucleus we find connections with the 
geniculatum and the posterior commissure ; in both the pars anterior of the 
corpus glomerulosum and the ventro~lateral spiriform nucleus, we find 
connections with the tectum, the geniculate body, and the forebrain. 

No fibres from the cerebellum have been detected here in the bird, nor has 
any tract running to the hypothalamus been described. There is, further~ 
more, a probability that forebrain fibres end in the dorso~medial spiriform 
nucleus, which does not occur in the nucleus mesencephali dorsalis, anà 
the pars anterior of the corpus glomerulosum has no clear relation to the 
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posterior commissure. On the other hand, the de fini te connection between 
the two nuclei of the fish under discus sion is a point in favour of their 
resemblance to the avian nuclei . 

Thus, the parallelism is by no means absolute, but it is sufficient to he 
distinctly striking , and the discrepancies are perhaps no greater than is to 
be expected in two groups so widely separated phylogenetieally though 
brought together by convergent evolution. 

The lateral cell group of the nucleus mesencephali dorsalis lies in close 
proximity to the pars anterior of the corpus glomerulosum. It has definite 
connections with the nucleus intermedius (presumably a part of the 
geniculatum) and with the posterior commissure. Probably it also shares in 
all the connections of the nucleus mesencephali dorsalis, and especially 
with those from the tectum. 

The avian nucleus pretectalis has a position a little more lateral. possibly 
due to neurobiotactic attraction toward, or traction by, the displaced 
tectum; also it lies somewhat more anterior, but it is otherwise very similar 
to that of the group of cells just described in the fish. It appears to have 
functional relations similar to those of the spiriform nucleus, its chief fibre
connections being with the posterior commissure and with the tectum. It lies 
closer to the ventrolateral spiriform nucleus (whieh has been suggested as 
the analogue of the pars anterior of the corpus glomerulosum) than to the 
dorso-medial one and seems to be linked with it by a fibre system. Thus it 
appears possible that the lateral cell group of the nucleus mesencephali 
dorsalis of the fish may correspond with the pretectal nucleus of the bird. 
On the other hand, no part in the brain of the latter can at present be seen 
to correspond with the so-called pretectal or cortieal (FRITSCH) nucleus 
of the former. 

The avian outer segment is likewise more highly differentiated than 
that of the fish, though less so than the inner segment. It comprises fout 
distinct nuclei, the (lateral) geniculate body, the nucleus intercalatus, the 
nucleus of the septo-mesencephalie tract, and the lateral nucleus of the 
thalamus. lts only definitely known components, in the fish , are thc 
geniculate body, nucleus intermedius, and the nucleus subcorticalis (a body 
lying between the genieulaturn and the nucleus intermedius, described in 
the paper on the teleostean thalamus and midbrain). The latter two should, 
perhaps, be considered as parts of the genieulaturn. 

Regarding the ventral thalamus, we can make no specifie comparisons. 
An entopeduncular nucleus is , of course, weil known in both classes. In the 
fish, the only other differentiated nuclei known are the pars rotundus of 
the corpus glomerulosum and the nucleus mesencephali ventralis, while no 
the corpus glomerulosm and the nucleus mesencephali centralis, while no 
other distinct body has been described for the bird except the basal optie 
ganglion. We see no ground for surprise, however, in the apparent failure 
of the analogy to extend to this region. 
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The probable non-existence of an avian part corresponding to the. 
nucleus mesencephali ventralis in the fish is not remarkable, when one 
considers that a great part of its function is olfactory. 

In concluding. the writers have pleasure in expressing their gratitude to 
Dr. C. U. ARIËNS KAPPERS in whose laboratory it was their privilege to 
prosecute the investigations out of which the comparisons recorded in the 
present report have arisen. 

SUMMARY. 

1. As a result of independent studies of the brains of birds and of 
fishes by the respective writers, structural analogies in the midbrain and 
thalamus of these groups have been observed. This resemblance is not 
surprising, as these classes are both largely visual in habit and both move 
in a labile medium, usually without solid support. 

2. A homology has been drawn between the inner segment of the dorsal 
thalamus of the tel eo st and of the bird, respectively. 

3. The avian nucleus rotundus and anterior nucleus are probably 
represented in undifferentiated form in the teleostean inner segment of the 
dorsal thalamus. 

4. An analogy has been pointed out between the teleostean nucleus 
mesencephali dorsalis and the pars anterior of the corpus glomerulosum 1) 
on the one hand. and the avian spiriform nucleus on the other. The 
teleostean nuclei mentioned correspond in a marked degree even to the 
respective parts of the avian cell group. It is possible that a representative 
of the pretectal nucleus of birds also may be recognized in the lateral cell 
gl'OUp of the nucleus mesencephali dorsalis of fishes. 

5. The analogy does not appeal' to extend to structures in the ventral 
thalamus, except with regard to the entopeduncular nucleus. 
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Mathematics. - Zusammenhangsstu{en und Cantorsche Mannig{al~ 

tigkeiten. By Dr. K. MENGER. (Communicated by Prof. L. E. J. 
BROUWER). 

(Communicated at the meeting of September 24. 1927). 

In früheren Arbeiten habe ich zu wiederholten Malen I) darauf hinge~ 
wiesen. dass. während unsere anschauliche Vorstellung des Zusammen~ 
hanges nach allen Richtungen durchforscht worden ist. die anschaulich 
nicht minder klare Vorstellung des mehr oder minder (esten Zusammen~ 
hanges bisher gänzlich ununtersucht geblieben ist. Was uns bei den 
Worten "Grad des Zusammenhanges" oder "Zusammenhangsstufe" 
vorschwebt. wird am besten an folgenden Beispielen 2) deutlich: Eine 
Quadratfläche ist stärker zusammenhängend als eine Strecke. dagegen 
schwächer zusammenhängend als ein Würfel. Eine Menge. welche Summe 
ist von zwei Quadratflächen. die nur einen Eckpunkt mit einander gemein 
haben. ist schwächer zusammenhängend als eine Quauratfläche. Ich habe 
in früheren Arbeiten auch betont 3), dass der Begriff der verschiedenen 
Zusammenhangsstufen nicht nur an sich von einem gewissen Interesse 
ist. sondern von grosser Wichtigkeit werden dürfte für die Topologie 
des R", für die topologische Charakterisierung des n~dimensionalen 

Simplexes und für andere topologische Fragen. Ich habe dab ei ins~ 

besondre auf die Begriffsbildungen des n~stufigen Kontinuums. des n~ 
stufig irreduzibeln Kontinuums, der n~stufig irreduzibel zusammenhän~ 

genden Mengen und der im kleinen n~stufig zusammenhängenden Mengen 
hingewiesen 4). - Begriffsbildungen. deren Behandlung ein weites Arbeits~ 
gebiet eröffnèt. 

Eine strenge Präzisierung 5) der Vorstellung von den verschiedenen 
Zusammenhangsstufen erfolgt am einfachsten durch folgende Definition: 
Ein Raum heisst (mindestens) n~stu{ig zusammenhängerzd. wenn er nicht 

1) Vgl.: a. Ueber die Dimension von Punktmengen I. Monatshefte f. Math. u. Phys. 
Bd. 33, S. 160. 

b. Ueber die Dimension von Punktmengen 11. Monatshefte Bd. 34, S, 161. 
c. Bericht über die Dimensionstheorie, Jahresber. d. deutsche Math. Ver. Bd. 35, S. 1 H ff. 
2) l.c. I) c. S. 144. 
3) l.c. I) a. S. 161; b. S. 156. 
4) l.c. I) c. S. 145. Ein Raum soli im kleinen n-stufig zusammenhängend heissen. wenn 

zu jedem Punkte beliebig kleine n-stufig zusammenhängende Umgebungen existil'ren. M.a.W. 
Wenn das System der Umgebungen des Raumes mit einem System von n-stufig zusammen
hängenden Umgebungen gleichwertig ist. Oder, was in einem metrischen Raum auf dasselbe 
hinausläuft, wenn der Raum für jedes E > 0 Summe ist von endlich vielen n-stufigen 
Kontinua mit Durchmessern < E. 

5) l.c. I) c. S. 144 f. 
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Summe ist von zwei echten 6) abgeschlossenen Teilmengen mit (n-1)
stufig zusammenhangslosem Durchschnitt. Dabei heisst (n-1)-stufig 
zusammenhangslos ein Raum. welcher keinen (n-1)-stufig zusammen
hängenden Teil enthält. Die lee re Menge und nur diese ist nullstufig 
zusammenhangslos. 

Durch die Festsetzung der leeren Menge als Ausgangspunkt der 
Rekursion ergeben sich als (mindestens) einstufig zusammenhängend die 
im gewöhnlichen (Lennes-Hausdorffschen) Sinn zusammenhängenden 
Räume. Die Strecke und ebenso die Summe von zwei Quadratflächen. 
die bloss einen Eckpunkt mit einander gemein haben. ist einstung. aber 
nicht zweistung zusammenhängend. Die letztere Menge enthält jedoch 
zweistung zusammenhängende Teilmengen. Die Quadratfläche ergibt sich 
nämlich als zweistung zusammenhängend; der Würfel als dreistung 
zusammenhängend. u.s.w. 

Bei der Aufstellung dieser Begriffsbildung ergab sich mir die Frage 7). 
nach den Beziehungen von Zusammenhangsstufe und Dimension von 
Räumen. Man sieht durch einen einfachen Induktionsschluss: leder Raum. 
welcher eine mindestens n-stufig zusammenhängende Teilmenge enthält. 
ist mindestens n-dimensional (n =- 1). oder. was gleichbedeutend ist: 
Ein höchstens n-dimensionaler Raum ist (n+ 1) stufig zusammenhangslos. 
Für n = 0 ist diese Aussage trivia!. Wir nehmen an. es sei bereits 
bewiesen. dass ein höchstens (n-l )-dimensionaler Raum n-stung zusam
menhangslos ist. Es sei dann R irgend ein gegebener n-dimensionaler 
Raum (n =-1). Wir mach en die Annahme. Renthalte eine mindestens 
(n+ 1)-stung zusammenhängende Teilmenge M. und leiten aus dieser 
Annahme einen Widerspruch her. Da R mehr als nulldimensional ist. 
enthält R sicherlich zwei verschiedene Punkte p und q. Da R höchstens 
n-dimensional ist. existiert eine Umgebung U von p mit höchstens 
(n-l)-dimensionaler Begrenzung. die so klein ist. dass q im Komplement 
der abgeschlossenen Hülle U von U liegt. Durch die Formel 

M=M. U+M.(R-U) 

wird M dargestellt als Summe zweier · in M abgeschlossener Mengen. 
deren Durchschnitt (d.i. die Begrenzung von U) höchstens (n-l)-dimen
sional. also nach Annahme n-stung zusammenhangslos ist und wobei 
jeder der beiden Summanden eine echte Teilmenge von Mist. denn der 
eine enthält p. ab er nicht q und der andere enthält q. aber nicht p. Da 
dies der Annahme. M sei (n+ 1)-stung zusammenhängend. widerspricht. 
ist diese Annahme ad absurdum geführt und unsere Behauptung bewiesen. 

Die umgekehrte Behauptung. der Satz nämlich. dass jeder (n+ 1 )-stu6g 

6) Die Beschränkung auf Zerlegungen in echte abgeschlossene Teilmengen ist wesentlich. 
Denn würde man auch Zerlegungen zul assen. bei denen einer der Summanden mit dem 
ganzen Raum identisch und der andere etwa leer ist. so wäre ja jeder Raum. Summe von 
zwei abgeschlossenen Teilmengen. deren Durchschnitt leer ist. also unzusammenhängend. 

l.c. I) 
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zusammenhangslose Raum höchstens n~dimensional ist. ist bekanntlich 
unrichtig. da SIERPIN SKI 8) eine zusammenhangslose (also in unserer Ter~ 
minologie einstufig zusammenhangslose) eindimensionale Menge konstru~ 
iert hat. Hingegen gilt bekanntlieh 9). der Satz. dass jeder kompakte oder 
halbkompakte (einstufig) zusammenhangslose Raum nulldimensional ist. 
leh steIlte mir daher die Frage 10): Sind unter den kompakten und halb~ 
kompakten Räumen die n~dimensionalen durch (n+ l}~stu{ige Zusammen~ 
hangslosigkeit charakterisiert? 

leh will nun im Folgenden einige Konsequenten angeben. welche eine 
positive Antwort auf ,Hese Frage hat. u.zw. Konsequenzen. welche sich 
auf die Cantorschen Mannigfaltigkeiten im Sinne von URYSOHN beziehen 
und durch welche dieser Begriff in meine Begriffsbildung des n~stu{igen 
Zusammenhanges eingeordnet wird. U RYSOHN bezeichnet 11) als n~di~ 

mensionale Cantorsche Mannigfaltigkeit einen n~dimensionalen kompakten 
Raum. der nach Tilgung einer beliebigen (n-2)~dimensionalen Teilmenge 
zusammenhängend bleibt. URYSOHN hat das folgende Problem gestellt 
(und dessen besondere Wichtigkeit und Schwierigkeit betont 12): Enthält 
jeder kompakte n~dimensionale Raum eine n~dimensionale Cantorsche 
Mannigfaltigkeit als Teilmenge? Ich will nun zunächst zeigen. dass diese 
Frage äquivalent ist mit meinem oben erwähnten Problem. ob unter den 
kompakten Räumen die n~dimensionalen durch (n+ l}~stufige Zusammen~ 
hangslosigkeit gekennzeichnet sind. 

Machen wir nämlich erstens die Annahme I: leder n~dimensionale 
kompakte Raum enthält eine n~stufig zusammenhängende Teilmenge. 
Wir zeigen. es folgt daraus die Behauptung 11: leder n~dimensionale 

kompakte Raum enthält ein n~dimensionale Cantorsche Mannigfaltigkeit 
als Teilmenge. Mit Rücksicht auf die Annahme I genügt es zum Beweis 
von 11. aus der Annahme I folgende Behauptung herzuleiten: Jeder n~ 
dimensionale. n~stufig zusammenhängende kompakte Raum ist eine n~ 
dimensionale Cantorsche Mannigfaltigkeit. Angenommen nun. R sei ein 
n~dimensionaler kompakter Raum. welcher keine n~dimensionale Cantorsche 
Mannigfaltigkeit ist. welcher also eine höchstens (n-2)~dimensionale ab~ 
geschlossene Teilmenge A enthält. deren Komplement nicht zusammen~ 
hängend. also Summe von zwei fremden abgeschlossenen nicht~leeren 
Teilmengen R' und Ril ist. Durch die Formel R = (R' + A) + (Ril + A) 
ist R dargestellt als Summe zweier abgeschlossener echter Teilmengen. 
deren Durchschnitt die Menge A ist. deren Durchschnitt also höchstens 
(n-2)~dimensional und mithin nach Annahme I (n-l)~stufig zusammen~ 
hangslos ist. Also ist R höchstens (n-l)~stufig zusammenhängend. Ein 
n~stufig zusammenhängender n~dimensionaler kompakter Raum ist also. 

8) Fund. Math. 2, S. 81. 
9) Vgl. etwa l.c. 1) a. S. 159. 
10) l.c. 1) b. S. 156. 
11) Fund. Math. 7. S. 124. 
12) Fund. Math. 8, S. 285. 
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wenn Annahme I gilt. eine n-dimensionale Cantorsehe Mannigfaltigkeit. 
womit gezeigt ist. dass aus der Annahme I die Behauptung 11 folgt. 

Maehen wir nun zweitens die Annahme. es gelte die Behauptung 11. 
Wir wollen aus ihr die Behauptung I herleiten. Diese Behauptung list. 
wie ob en erwähnt. sicher für n = 1 richtig. Wir nehmen an. es sei 
bewiesen. dass jede (n - l)-dimensionale Cantorsehe Mannigfaltigkeit 
(n - l)-stufig zusammenhängend ist. was für n = 1 gleichfalls richtig ist. 
Aus dies er Annahme folgt auf Grund von Annahme 11: J eder (n - 1)
stufig zusammenhangslose kompakte Raum ist höehstens (n-2)-dimensional. 
Sei nun Rein n-dimensionaler kompakter Raum. welcher nicht n-stufig 
zusammenhängend ist. welcher also Summe ist von zwei abgesehlossenen 
echten Teilmengen R' und RH. deren Durehsehnitt (n - 1)-stufig zusam
menhangslos ist. Auf Grund der Annahme 11 ist der Durehsehnitt von 
R' und Ril höehstens (n - 2)-dimensional. also ist R keine Cantorsehe 
Mannigfaltigkeit. m.a.W.: Aus der Annahme 11 folgt. dass jede n-dimen
sionale Cantorsehe Mannigfaltigkeit n-stufig zusammenhängend ist; also 
folgt aus der Behauptung 11 die Behauptung I. Damit ist also gezeigt: 

Die beiden {olgenden Sätze sind mit einander äquivalent: 
I. Ieder n-dimensionale kompakte Raum enthält einen n-stufig zusam

menhängenden Teil. 
11. Ieder kompakte n-dimensionale Raum enthält eine n-dimensionale 

Cantorsche Mannig{altigkeit als Teilmenge. 
Da. wie oben bewiesen. die höehstens n-dimensionalen Räume (n+l)

stufig zusammenhangslos sind. so ist mit den beiden angeführten Sätzen 
aueh der folgende äquivalent: 

111. U nter den kompakten Räumen sind die höchstens n-dimensionalen 
und die (n + l)-stu{ig zusammenhangslosen identiseh. 

Aus dem Beweise der Äquivalenz der Sätze I und 11 geht überdies 
hervor. dass. faBs die drei angeführten Sätze richtig sind. aueh folgender 
Satz gilt. welcher den Begriff der Cantorsehen Mannigfaltigkeit in die 
Begriffsbildung des höherstufigen Zusammenhanges einordnet: 

IV. Die Cantorschen Mannig{altigkeiten sind jene kompakten Räume. 
(ür welche Dimension und Zusammenhangsstu{e übereinstimmen. Die 
n-dimensionalen Cantorschen Mannig{altigkeiten sind identisch mit den 
n-dimensionalen n-stu{ig zusammenhängenden kompakten Räumen. 

Dass die vier im Vorangehenden als äquivalent erwiesenen Sätze 
tatsäehlich geIten. wurde gemeinsam von HUREWICZ und mir bewiesen 13). 
Der Gedankengang unseres Beweises ist folgender: 

Bekanntlieh ist jeder kom pakte n-dimensionale Raum für jedes e > 0 
Summe von endlich vielen abgesehlossenen Mengen mit Durehmessern 
< e. die zu je n + 2 fremd sind 11). aber nicht für jedes e > 0 Summe 

13) VgI. unsere ausführliche Darstellung. welche demnächst in den Mathem. Annalen 
unter dem Titel "Zusammenhangsstufen und Dimension" erscheint. 

14) Vgl. l.c. 1) b. S. 153 und URYSOHN, Fund. Math. 8, S. 292. 
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von endtich vielen abgeschlossenen Mengen < e, die zu je n + 1 fremd 
sind 15). Dies rechtfertigt folgende Bezeichnungsweise: Ein kompakter 
Raum heisse n~dimensional von Grade r, wenn r die kleinste reeIle Zahl 
ist von der Art, dass es zu jeder reeIlen Zahl r' > reine Zerlegung 
von R gibt in endlich viele abgeschlossene Teilmengen mit Durchmes~ 
sern < r ' , die zu je n + 1 fremd sind 16). Es ist in dieser Ausdrucksweise 
ein kompakter Raum n~dimensional dann und nur dann, wenn er vom 
Grade N uIl (n + 1 )~dimensional. und von irgend einem Grade r > 0 
n~dimensional ist. 

Man sieht nun mühe1es ein, dass für jede reeIle Zahl r die Eigenschaft 
eines kompakten Raumes n~dimensional von einem Grade =- r zu sein, 
eine induzible Eigenschaft ist, d.h.: Ist n eine natürliche Zahl und r 
eine reeIle Zahl > 0 und ist ! A k ! (k = 1, 2, . .. ad inf.) eine monoton 
abnehmende Folge von abgeschlossenen Teilmengen eines kompakten 
Raumes, von denen jede von einem Grade =- r n~dimensional ist, dann 

ist auch der Durchschnitt A = ft Ak vàn einem Grade =- r n-dimensional. 
k=1 

Nach dem BROUwERschen Reduktionstheorem enthält daher jeder kom
pakte n~dimensionale Raum Reine abgeschlossnne Teilmenge M, welche 
von demselben Grad n-dimensional ist, wie R se1bst, welche ab er 
hinsichtlich dies er Eigenschaft irreduzibe1 ist, d.h. so, dass keine echte 
Teilmenge von M von demselben Grade wie R n-dimensional ist. Diese 
Teilmenge M von Rist aber eine n-dimensionale Cantorsche Mannig
faltigkeit. Denn na eh HUREWICZ 17) gilt folgender Additionssatz: Sind 
A und A' zwei abgeschlossene Teilmengen eines kompakten Raumes, 
deren jede n-dimensional von einem Grade -=: rist, und deren Durch
schnitt höchstens (n - 2)-dimensional ist, dann ist auch die Menge 
A + A' n-dimensional von einem Grade := r. Aus diesem Satz folgt 
ab er unmittelbar, dass jeder n-dimensionale kompakte Raum, welcher 
keine n-dimensionale Cantorsche Mannigfaltigkeit ist, eine echte abge
schlossene Teilmenge enthält, welche von demselben Grade n-dimensional 
ist, wie der Gesamtraum. Daher ist in einem n-dimensionalen kompakten 
Raum R die Teilmenge M, (deren Existenz wir oben nachgewiesen 
haben), welche von demselben Grade n-dimensional ist wie R, aber 
keinen echten Teil enthält, welcher von demse1ben Grade n-dimensional 
wie Rist, eine n~dimensionale Cantorsche Mannigfaltigkeit. 

15) Vgl. URYSOHN. Fund. Math. 8. S. 294. 
16) Vgl. hierzu URYSOHN. Fund. Math. 8. S. 353. 
17) Vgl. Proc. Ac. Amsterdam. 29. 1926 (Stetige Bilder. 11) und den ausführlichen Beweis. den 

HUREWICZ in einem Anhang zu unserer sub 13) erwähnten gemeinsamen Arbeit von dem 
Additionssatz gibt. 

46* 



Mathematics. - Bemerkungen zur zweiten Untersuchung über allge~ 
meine Metrik. By Dr. K. MENGER. (Communicated by Prof. L. E. J. 
BROUWER). 

(Communicated at the meeting of September 24. 1927). 

Eine Analyse der Ueberlegungen. welche in der zweiten Untersuchung 
über allgemeine Metrik I) zu einer Charakterisierung der euklidischen 
Metrik geführt haben. fördert einige allgemeine Begriffe und Aussagen 
über metrische Räume zu Tage. deren Anwendbarkeit über die euklidi~ 
schen Räume erheblich hinausgeht. 

1. DER BEGRIFF DER KONGRUENZORDNUNG. Unsere Charakterisierung 
der euklidischen Metrik basiert auf dem Satz 2) : Ein halbmetrischer 
Raum 3). von dem je n + 3 Punkte in den Rn (den n~dimensionalen 
euklidischen Raum) abstandstreu einbettbar sind. ist selbst in den Rn 
abstandstreu einbettbar. Diese Tatsache drückt eine Eigenschaft Rn aus. 
welche auch manchen anderen metrischen Räumen zukommt. Wir sagen: 
Ein halbmetrischer Raum A besitzt die Kongruenzordnung k. u·enn 
jeder Raum, von dem je k Punkte in A abstandstreu einbettbar sind. 
in A abstandstreu einbettbar ist. Offenbar istjeder Raum. der die Kon~ 
gruenzordnung k besitzt. zugleich auch von jeder Kongruenzordnung 
m > k. Der Rn ist in dieser Ausdrucksweise von der Kongruenzordnung 
n + 3. Der Halb~ Rn hingegen ist von keiner endlichen Kongruenz~ 
ordnung. Denn es ist ja beispielsweise jede endliche (ja sogar jede 
beschränkte) Teilmenge des Rn in den Halb~Rn abstandstreu einbettbar. 
oh ne dass der Rn selbst in den Halb~Rn abstandstreu einbettbar wäre. Der 
Rn enthält auch Teilmengen. die eine endliche Kongruenzordnung 
besitzen. aber nur eine grössere als der Rn selbst. Beispielsweise ist der 
RI von der Kongruenzordnung 4. Betrachten wir ab er die Teilmenge 
A des RI bestehend aus den Punkten des RI mit den Koordinaten 
0.1.2.3.5.6. so besitzt sie. als Raum aufgefasst. nicht die Kongruenz~ 
ordnung 4; denn betrachten wir die Menge B des RI bestehend aus 
den Punkten mit den Koordinaten 0.1,2.3.4. - so sehen wir. dass je 
vier Punkte von B in A abstandstreu einbettbar sind. ohne dass B in 
A abstandstreu einbettbar wäre. Die Menge A besitzt aber doch eine 

I) Mathematische Annalen Bd. 98 oder 99 (Im Folgenden zitiert als "M. U"). 
2) M. U. 
3) Als halhmetrischen Raum bezeichnen wir (vgl. M. U) eine Menge. in der je zwei 

Elementen p und q eine Zahl pq = qp > 0 ftir p =j::. q und pq = 0 für p = q zuge
ordnet ist. 
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endliche Kongruenzordnung. den offenbar ist jeder Raum. welcher n Punkte 
enthält. von einer Kongruenzordnung -== n + 1 4). 

2. DER BEGRIFF DER METRISCHEN BASIS. Ist A ein halbmetrischer 
Raum. B eine Teilmenge von A. so sagen wir. B sei eine metrische 
Basis von A. wenn es keine zwei verschiedenen Punkte p und q von 
A gibt. so dass jeder Punkt von Adenselben Abstand von p wie von q hat. 
m.a.W .. wenn jeder Punkt von A durch seinen Abstand von den Punkten 
der Menge B eindeutig gekennzeichnet ist. In einem halbmetrischen Raum 
mit stetiger Metrik ist jede im Raum dichte Teilmenge eine metrische 
Basis. Jeder separable metrische Raum besitzt also eine abzählbare metrische 
Basis. Im Rn ist eine Menge B dann und nur dann metrische Basis. 
wenn sie n + 1 nicht in einer Hyperebne des Rn gelegene Punk te enthält. 
Je n + 1 Punkte des Rn. die nicht in einer Hyperebene des Rn liegen. 
bilden eine metrische Minimalbasis des R n. d.h. eine metrische Basis. 
von der keine echte Teilmenge metrische Basis der Rn ist. Falls in einem 
halbmetrischen Raum mit stetiger Metrik eine metrische Minimalbasis 
existiert. so ist sie stets eine Teilmenge. die keinen ihrer Häufungspunkte 
(wofern solche existieren) enthält. Es bilden k Punkte eines metrischen 
Raumes offenbar dann und nur dann eine metrische Basis desselben. 
wenn die Begrenzungen von je k Kugelumgebungen mit den betreffenden 
Punk ten als Zentren höchstens einen Punkt gemein haben. 

Eine metrische Basis B des Raumes A heisst vollkommen. wenn zu 
jeder Teilmenge M' von A. welche einen mit B kongruenten Teil B' 
enthält. eine kongruente Menge M existiert. die B enthält. Beispiels~ 

weise ist jede Basis eines Rn vollkommen. Betrachten wir hingegen 
einen Halb~Rn. oder einen Raum. welcher aus dem Rn durch Weglassung 
eines einzigen Punktes entsteht. so sehen wir: diese Räume besitzen 
Basen; auch in ihnen bilden nämlich je n + 1 Punkte. welche nicht in 
einer Hyperebene des Rn liegen. eine Basis (u. zw. eine Minimalbasis) ; 
aber diese Räume besitzen offenbar keine vollkommene Basis. Man 
sieht aus dies en Beispielen. dass die Existenz vollkommener Basen mit 
einer gewissen metrischen Vollständigkeit der Räume bzw. mit einer 
metrischen Homogenität. einer kongruenten Selbstabbildbarkeit der Räume 
zusammenhängt. 

3. BEGRIFF DER MENGENSYMENTRALEN. Ist A eine gegebene Teil~ 
menge eines halbmetrischen Raumes. so bezeichnen wir die (eventuell 
leere) . Menge aller jener Punk te des Raumes. welche von sämtlichen 
Punkten der Menge A den gleichen Abstand haben. mit S (A) und 

4) Für jede natürliche Zahl n existieren Räume. welche die Kongruenzordnung n + 1. 
aber keine niedrigere Kongruenzordnung besitzen. (Beispielsweise Räume. welche aus n 
Punk ten bestehen. von denen je zwei den Abstand 1 besitzen). Die Räume. welche aus 
drei Punkten bestehen. sind sogar durchwegs von keiner niedrigeren Ordnung als vier. 
HinQegen gibt es Räume. welche aus vier Punkten bestehen und von der Kongruenz
ordnung drei sind. beispielsweise die antieuklidischen Quadrupel. (vgl. M. 1I). 
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nennen diese Menge die Symmetrale der Menge A. Besteht die Menge 
A aus einem einzigen Punkt. sa ist S (A) mit dem ganzen Raum iden~ 
tisch. Enthält A mehr als einen Punkt. sa ist die Menge S (A) zu A 
fremd. also eine (eventuell leere) echte Teilmenge des Raumes. Jede 
echte Teilmenge des Raumes. welche Symmetrale irgend einer Menge 
des Raumes ist. m. a. W. jede Menge S. zu welcher eine mehr als einen 
Punkt enthaltene Menge A existiert. sa dass S = S (A) gilt. nennen 
wir auch kurz eine Symmetrale. Offenbar gilt für je zwei Mengen A 
und B die Beziehung S(A + B) = S (A) . S (B). In einem Raum mit 
stetiger Metrik ist jede Symmetrale eine abgeschlossene Menge und gilt 
ferner für jede Menge M. wenn M die abgeschlossene Hülle van M 
bezeichnet. S (M) = S (M). In Räumen mit stetiger Metrik kann man 
sich also auf die Betrachtung der Symmetralen abgeschlossener Mengen 
beschränken. 

Es besteht nun folgende einfache Beziehung: Jede Teilmenge eines 
metrisch en Raumes ist entweder metrische Basis des Raumes oder Teil~ 
menge einer Symmetralen . In der Tat. wenn erstens M Teilmenge einer 
Symmetralen ist. sa ex is tieren zwei verschiedene Punkte p und q. sa 
dass jeder Punkt van M denselben Abstand van p wie van q hat. 
Dann ist aber M keine metrische Basis des Raumes. Ist zweitens M 
keine metrische Basis des Raumes. dann existieren zwei verschiedene 
Punkte p und q. sa dass jeder Punkt van M denselben Abstand van p 
wie van q hat. Dann ist ab er M Teilmenge der Symmetrale der aus 
Punkte p und q bestehenden Menge. 

4. EIN ALLGEMEINER SATZ. Der tiefere Grund dafür. dass der Rn die 
Kongruenzordnung n + 3 hat. ist nun in folgendem allgemeinem Satz 
gelegen. 

Voraussetzungen : Es sei A ein halbmetrischer Raum mit [olgenden 
Eigenscha[ten : 

1. In A ist ein System von untereinander kongruenten Teilmengen 
definiert (welche wir kurz als U nterräume von A bezeichnen). die, in 
sich betrachtet, Räume von der Kongruenzordnung n + 2 sind. 

2. Liegen von n + 2 gegebenen Punkten je n+ 1 in einem Unterraum. 
so liegen alle n + 2 Punkte in einem und demselben Unterraum. 5) 

3. Je n + 1 Punkte von A liegen entweder in einem Unterraum oder 
sind mit einer vollkommenen metrischen Basis des Raumes kongruent. 

Behauptung: Der Raum A besitzt die Kongruenzordnung n + 3. 
BEWEIS: Es sei ein Raum R gegeben. van dem je n + 3 Punkte ab~ 

standstreu in A einbettbar sind. Wir haben zu zeigen, dass R in A 
abstandstreu einbettbar ist. Nun sind zwei Fälle möglich: 

5) Man beachte. dass diese Voraussetzung keineswegs besagt. dass die Unterräurne die 
Kongruenzordnung n + 1 besitzen. (Dieselben sind laut Voraussetzung 1) von der Kon
gruenzordnung n + 2). Denn es handelt sich bei der Voraussetzung 2) nicht urn abstands
treue Abbildbarkeit. sondern urn Enthaltensein. 
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Entweder Silld je n + 2 Punkte von R in einen Unterraum von A 
abs tand st reu einbettbar. Dann ist R. da die Unterräume nach Voraus~ 
setzung 1) untereinander kongruent und von der Kongruenzordnung n+2 
sind. in einen Unterraum. d.i. in eine Teilmenge von A. also erst recht 
in A abstandstreu einbettbar. 

Oder es gibt n + 2 Punkte PI' P2' ...• pn+2 von R. die in A. aber 
nicht in einen Unterraum von A abstandstreu einbettbar sind. Wir be~ 
trachten ein zu ihnen kongruentes System al' a2' ...• an+2 von Punk ten 
aus A. wobei ai dem Punkt Pi (i = 1. 2 •... n + 2) entsprechen möge. 
Die Punkte al' a2." . an+2 liegen nicht in einem Unterraum von A. 
Dann gibt es aber unter ihnen nach Voraussetzung 2) n + 1 Punkte. 
die nicht in einem Unterraum liegen. und daher nach Voraussetzung 3) 
mit einer volkommenen metrischen Basis von A kongruent sind. Diese 
vollkommene Basis möge aus den Punkten bi' b2 •••• bn +1 bestehen. und 
etwa mit den Punkten PI' P2' ... pn+ I kongruent sein. Es sei nun P irgend 
ein Punkt von R. Da je n + 3 Punkte und daher erst recht je n + 2 
Punkte von R in A abstandstreu einbettbar sind. existiert ein zu den 
Punkten PI' P2' ... pn+l. P kongruentes Punktesystem in A. Also existiert. 
da die aus den Punkten bi' b2 •••• bn + I bestehende Basis nach Vor~ 
aussetzung lJollkommen ist. ein Punkt p' von A. so dass das System 
bi' b2 , ••• bn + I. p' zum System PI' P2 • ... pn+ I. P kongruent ist. Es existiert 
nur ein einziger Punkt p' von dieser Eigenschaft. da die Punkte 
bi' b2 •. .. bn + 1 eine metrische Basis von A bilden. Auf diese Weise wird 
also jedem Punkt P von Rein einziger Punkt p' von R zugeordnet. d.h. 
es wird R eind eu tig auf eine Teilmenge von A abgebi!det. Wir behaupten. 
dass die so definierte Abbildung abstandstreu ist. Seien nämlich P und q 
irgend zwei Punkte von R. p' und q' ihre Bilder vermöge der definierten 
Abbildung in A. Da je n + 3 Punkte von R in A abstandstreu einbett~ 
bar sind. existiert ein mit den Punk ten PI' P2' ... pn+ I. p, q kongruentes 
Punktesystem in A. Dasselbe enthält ein mit den Punkten PI' P2' ... pn+1 
und daher ein mit den Punkten bi' b2 • ••• bn+ 1 kongruentes Teilsystem. 
Wegen der Voraussetzung. dass die aus den Punkten bi' b2 • ... bn+1 be~ 
stehende metrische Basis lJollkommen ist. existiert daher ein zum System 
der Punkte PI. P2' ... pn+l. p. q kongruentes Punktesystem. welches die 
Punkte bi. b2 • ... bn+1 enthält. etwa das System bi' blo ... bn+!. p*. q*. 
Nun hat der Punkt p* von sämtlichen Punkten bi' b2 • ... bn+1 dieselben 
Abstände wie der Punkt p'. also sind. da die Punkte bi' b2 •. .. bn +1 eine 
metrische Basis von A bilden. die Punk te p* und p' identisch. Aus 
demselben Grunde sind q* und q' identisch. Mithin ist der Abstand von 
p' und q' gleich dem Abstand von p* und q*. d.i. gleich dem Abstand 
von p und q. Da dies für je zwei Punk te p und q von R gilt. ist gezeigt. 
dass die ob en definierte Abbildung von R auf eine T eilmenge von A 
abstandstreu ist. womit unser Satz bewiesen ist. 

Die Bedingungen unseres Satzes. welche dafür hinreichend sind. dass 
der Raum A die Kongruenzordnung n + 3 besitzt. lassen sich. wie hier 
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noch bemerkt werden möge. noch abschwächen und in verschiedener 
Weise durch andere ersetzen. Beispielsweise können auf Grund der 
obigen Bemerkungen über Symmetralmengen die Bedingungen 1 und 3 
ersetzt werden durch die folgenden: 

1/. Für je zwei Paare von verschiedenen Punkten von A, {ür p, q 
und p', q' sind die Mengen S (p, q) und S (p', q/) mit einander kongruent. 
Jede Menge S (p, q). wo p und q zwei verschiedene Punkte von A sind, 
ist, in sich betrachtet. ein Raum von der Kongruenzordnung n + 2. 

3/. Jede metrische Basis von A ist kongruent mit einer vollkommenen 
Basis von A. 

Aus den Bedingungen l ' und 3' folgen nämlich die Bedingungen 1 und 3. 
Bezeichnen wir das System der Mengen S (p. q) für alle Paare von ver~ 
schiedenen Punkten von A als das System der Unterräume von A. so 
wird. mit Rücksicht auf die Bedingung 1/"der Bedingung 1 genügt. Ferner 
bilden je n + 1 Punkte. welche nicht in einem derartigen Unterraum 
liegen. eine metrische Basis und daher wegen Bedingung 3' eine voll~ 
kommene metrische Basis von A. so dass Bedingung 3 erfüllt ist. 

5. ANWENDUNGEN. Von den Anwendungen des bewiesen en Satzes. 
seien hier nur die folgenden erwähnt. Der Ro. der nulldimensionale 
euklidische Raum. cl.h. ein aus genau einem Punkt bestehender Raum. 
ist von der Kongruenzordnung 3 (sogar von der Kongruenzordnung 2). 
Durch lnduktion verifiziert man mühelos. dass der Rn die Bedingungen 
1. 2. 3 des allgemeinen Satzes erfüllt. wofern als Unterräume die Hyper~ 
ebenen des Rn gewählt werden. Dieselben Ueberlegungen sind für die 
n~dimensionalen nicht~euklidischen Räume giltig. 

Die nulldimensionale Sphäre. d.i. ein aus genau zwei Punkten bestehen~ 
der Raum. besitzt die Kongruenzordnung 3. Durch Induktion verifiziert 
man ebenfalls ohne Schwierigkeiten. dass die n~dimensionale Sphäre die 
Bedingungen 1. 2. 3 unseres Satzes erfüllt. wofern als Unterräume der 
n~dimensionalen Sphäre Sn die in ihr enthaltenen (n-l )~dimensionalen 
Gross~Sphären. d.h. jene in ihr enthaltenen (n-l)~dimensionalen Sphären. 
welche denselben Durchmesser. wie die Sn haben. gewählt werden. 

Ausser den n~dimensionalen Räumen von konstanter Krümmung ge~ 
nügen u.a. die n~dimensionalen GITTER den Bedingungen unseres Satzes. 

Auf die Zusammenhänge der Bedingungen des Satzes mit dem Be~ 
wegungsbegriff in allgemeinen metrischen Räumen werden wir in der 
ausführlichen Darstellung dieser Verhältnisse in einer der folgenden Unter~ 
suchungen über allgemeine Metrik näher eingehen. 



Physiology. - An Experimental Study of the Cerebellar Control of 
the Vocal Organs. By LAURETTA BENDER. (Communicated by 
Prof. G. VAN RIJNBERK and Prof. B. BROUWER). 

(Communicated at the meeting of June 25, 1927) 

As a result of his comparative anatomical studies of the cerebellum, 
BOLK (1) was the first to suggest placing a center for laryngeal control 
in the anterior lobe. VAN RIJNBERK (2) checked BOLK'S other anatomical 
conclusions with physiologicàl experiments showing that lesions in the 
lobulus simplex (BOLK) disturbed the function of the muscles of the neck 
and lesions in Crus I of the lobulus ansiformis disturbed the function of 
muscles of the ipselateral fore limbo But KATZENSTEIN and ROTHMANN (3) 
were the first to attempt experiments to prove the presence of the 
laryngeal center. They reported that operative lesions to the anterior 
peduncle, or to the lobus anterior (BOLK) and especially to the lobulus 
centralis in dogs produced disturbances in the movements of the vocal 
cords in the nature of tremors, jerky movements, incomplete abduction 
and adduction and especially abduction in two to four movements. The 
jaws were lax and the tongues flaccid. The dogs did not bark from one 
to two months and then their bark was high and metallic. Faradic 
stimulation of the lobus anterior (BOLK) caused a raising of the larynx, 
con~raction of the jaw and adduction of the vocal cords. GRABOWER (4) 
repeated the work and reported that all the findings were due to the 
ether anaesthesia or to current spread. 

Under the direction of Professor G. VAN RIJNBERK the work was 
again repeated with a new surgical approacà and objective studies of 
the vocal activities. The anatomical material so obtained was prepared 
and studied under the supervision of Professor B. BROUWER. 

The other workers had approached the anterior lobe by entering the 
vertex of the skull, lifting the occipital lob es of the cerebrum, and 
destroying the tentorium. This was, of course, in the neighbourhood of 
the large sinuses. In this work the approach was made through the base 
of the skull and the fourth ventricle by elevating the lobus posterior 
(BOLK) of the cerebellum. Nine dogs survived the operation and were 
available for further physiological and anatomical studies. seven of which 
were operated by this procedure and two by a direct approach to 
the dorsal surface of the cerebellum with injuries inflicted in the culmen 
and tuber. 

Besides direct observation. two methods of objectively recording the 
vocal cord movements were used. Kimographic records were made by 
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placing one end of a needie in one of the vocal cords 
with the other end recording on a drum. Records of 
the respiratory movements were made with a Marey 
tambour at the same time. This method proved to be 
harmiess to the vocal cords and under light morphine 
anaesthesia could be continued for hours. Besides this. 
cinematographic records were made by taking moving 
picture of the vocal cord movements (Fig. 1). measuring 
the distance between the vocal cords in each exposure. 
and charting one~half of this distance. or the movement 
of one vocal cord. against time. All dogs were examined 
before operation. a day or two afterwards. and agafn 
as indicated. 

It is necessary to note the age of the dogs. as in 
very young dogs the movements of the vocal cords 
are likely to be uncertain and irregular and in very 
old ones they are likely to be tremulous. But in young 
adult dogs under light morphine anaesthesia the vocal 
cord movements occur regularly with respiration as 
seen in the kimographic record (Fig. 2) and the cine~ 

matographic record (Fig. 3). Now if ether is given. 
there is a marked change in the picture. The move· 
ments Brst increase in rate and irregularity with the 
respiration during the excitement period. If the anaesthesia 
becomes very deep. the cords may be held open. the 
movements gradually returning as the anaesthesia 
lightens and the shallow respiration becomes deeper. 
During that stage of anaesthesia in which the reflexes 
are just absent th ere occurs a jerking abduction. or 
abduction in two to three movements. (Figs. 2 and 3). 
This was described by KATZENSTEIN and ROTHMANN 
as a result of cerebellar lesions and by GRABOWER as 
a phenomena of ether anaesthesia. 

Af ter operation four of the dogs showed no changes 
in the vocal cord movements. In the other five. abnormal 
movements were observed and recorded in the nature 
of accessory movements occurring in the vocal cords 
without being reflected from respiratory movements 
together with general irregularities (Figs. 2a (Plate) and 3). 
These accessory movements had certain characteristics 
which made it seem reasonable that they were of 
cerebellar origin. They were most pronounced during 
the Brst few days af ter operation. then. as the other 
cerebellar symptoms improved. these accessory movements 
disappeared. so that by the time of the dog's death on the 
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Normal vocal cord movements. 

Accessory movements seen in the vocal 
cord movements with vocalization 24 
hours af ter operation on the cerebellum. 

Fig . 2a . Kimographic records of the left vocal cord. Dog 17. 

Barking and Ut1 tuning fork. 

Whining. 

Fig. -1 . Normal whinning and barking of Dog. 7. 
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eighteenth day, none could be seen. The accessory movements increased 
with the vocal activities of the cord. Thus if the dogs attempted to 

Vocal cord movements with ether anaesthesia. 

Accessory movements without vocalization. 

Fig. 2. Klmographic records of the left vocal cord. Dog. 17. 

howl under morphine while the cords were being observed, the accessory 
movements would immediately appear or increase. In this way they 
may be compared with an action tremor such as was also noted in 
some of the dogs' head and neck movements when they attempted to 
take food or water from a pan. Similarly in human speech disturbances 
of cerebellar origin, the difficulties are said to increase with the patient's 
effort. Since the vocal cord movements may be looked upon as a form of 
alternating motion, the disturbances in them may be said to be a form 
of adiadochokinesis. This has also been pointed out by BONHOEFFER (5) . 
And if the curves obtained in this work are compared with those obtained 
by HOLMES (6) in his analyses of the motor disturbances following war 
wound injuries to the cerebellum, they will be seen to be quite similar. 
Thus the irregularities found in the vocal cord movements compare weil 
with those shown by HOLMES in curves of supination and pronation 
of the arm and the curves showing the accessory movements of the vocal 
cords look not dissimilar to the curves of the knee jerks in patients with 
cerebellar lesions. HOLMES speaks of "adventitious" and "pendular" 
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movements wh ere the terms "accessory" movements and "irregularities" 
are used here. And as he says that the disorders in phonation and 

Do ~ ':13. E.t \'e y. 

~onr1 

iOMM. 

20Mf1. 

IOMM. 

IOMtl 

10 Soc. 20 Se.c.. . 

Fig. 3. Cinematographic curves of the dog's vocal cord movements, 

articulation found in his patients were due to the same muscular 
disturbances that were found elsewhere. we might weIl expect a similarity 
in the curves. 

Phonetic studies of the dogs' barking and whining were made with 
the assistance of Dr. L. KAlSER. Lector in Experimental Phonetics of 
the University of Amsterdam. Records of whining were made under 
morphine on EDISON Phonograph records and transcribed to smoked 
paper (Fig. 4. Plate). One dog was trained to bark into thephonograph 
and similar records made. But these experiments did not show any specific 
disturbances in the dog's vocal activities af ter operation. Five of the 
nine dogs barked normaIly before their death on the eighteenth day. 
three died of conditions subsequent to their operation and were never 
weIl enough to bark and only one did not bark wh en it might have 
been expected to do so and th is may have been an individual peculiarity. 
The fact that they of ten did not bark for several days is accounted for 
by the fact that they were very sick. weak. of ten had forced movements. 
and were in no mood to bark, They whined and howled normaIly. 
The phonetic studies showed no changes in. the whining. Barking was 
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only studied phoneticaIly in one dog. and this dog showed no changes 
in the vocal cord movements af ter operation. It barked in the phono~ 
graph on the fifth day. post~operative. and thereafter. The first bark 
was more simple or more like a whine. but this is explained by the 
dog's weakness. It was quite normal in a few days. Incidently this dog 
proved to have a severe lesion in the anterior lobe. It should be 
emphasized. however. that the absence in any dis turban ce of barking or 
whining should not be accepted as a fair criterion for disturbance in 
vocal cord function of the nature which would be here anticipated. For 
these activities are relatively simple and the disturbances of cerebeIlar 
origin which are reported in hu man speech are of a much more complex 
nature in the realm of phonation and 'articulation. 

The dogs we re aIlowed to live for eighteen days af ter the operation. 
during which time the other cerebellar symptoms were also observed. 
The brains were prepared by the MARCHI technique with complete 
serial sections through the who Ie of the cerebellum and the related parts 
of the brain stem. The ex tent of the lesions was determined by the 
microscope. It was found that the four negative cases included those 
two in which the dorsal surface of the vermis had been injured super~ 
ficially. but also two others where the approach had been made through 
the fourth ventricle in an effort to injure the anterior lobe and the 
lesion had. in both cases. passed between and partially involved the 
nuclei fastigii. in one had injured the lobulus centralis. and in the other 
(the barking dog) had passed through the root of the lobulus centralis 
to the monticulus. The total range of these four lesions is seen in the 
composite diagram. (Fig. 5) Parts not directly involved in the prÎlIlary 
lesion in the vermis show secondary degeneration of fibre tracts. The 
important thing in these four brains is. however. that the tissues sur~ 
rounding the fourth ventricle were entirely protected in every instance 
by a portion of uninjured cerebellum. From these cases we may say 
that lesions to all parts of the vermis. including its white tracts and 
nuclei did not produce any changes in the activities of the vocal cords 
demonstrabIe by the methods used. 

A composite picture of the range of lesions in the five positive cases 
shows that their range is not so great as that of the negative group. 
Furthermore. in one of these dogs the lobulus centralis and all of its 
fibre tacts and nuclei remained uninjured. But all showed some lesions 
in the tissues about the fourth ventricle. Those in the floor va ried in 
position and extent. being found in such places as in the fasciculi of 
GOLL and BUROACH. tissues superficial to the central grey mass. and 
the medial surfaces of the peduncles as weIl as the corpora quadrigemina 
postica. These lesions were usually slight and no one area was involved 
in all five dogs. two of them showing practically negligible injuries to 
the most inferior part of the floor of the fourth ventricle. 

The only region which was involved in lesion in all five positive 
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Fig. 5. Schematic diagram of the cerebellum of the dog drawn on the mesial plane 
showing composite pictures of the lesions. 
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animals was at the base of the lingula (Fig. 6). And this is the region 
left uninjured in the four negative ani mals. Microscopical study of the 
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Fig. 6. Schematic drawing of the cerebellum of the dog on the mesial plane showing 
area involved in all positive dogs. 

sections at th is level shows that the tissues involved are not only the 
lingula on but the neighbouring tissues at the angle formed by the junction 
of the roof and floor of the fourth ventricle. This is the area called by 
MEYNERT the .. innere Abteilung des Kleinhirnstiels" (AlK) and includes 
the tractus nucleocerebellaris composed of ascending and descending 
fibres between the various medullary nuclei and the cerebellum. 

We may thus conclude that les ion to any part of the vermis including 
the roof nuclei has not produced any changes in the activities of the 
vocal cords but that lesions in those tracts which connect the cerebellum 
and the medulla do produce definite changes in the motor function. 

The question of a localization of an area in the cerebellar cortex for 
the con trol of the vocal organs has been under discus sion for some time. 
As has been said BOLK placed it in the lobus anterior (BOLK) with the 
bilaterally co~ordinated muscles of the face and head on the basis of 
comparative anatomical studies. But INGVAR (7) argued that the speech 
function belonged to the youngest. phylogenetically. in the animal series 
and as such should belong to the youngest part of the cerebellum. or 
that part just below the sulcus primarius (BOLK). It should be remembered 
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in this connection. however. that the speech disturbances of cerebellar 
origin take the form of a dysarthria and not a dysphasia. and although 
speech is a recently acquired function. the use of . the vocal cords in 
sound production is an old function. JELGERSMA (8) on the basis of an 
argument that the erect posture. activities of dexterity. and speech have 
developed along parallel lines in man and that all are dependent on 
a highly developed muscIe sense and motor co~ordination. which functions 
he places in the cerebellum; and since the hemispheres have developed 
most in man he places these functions in th is part. And since the organs 
of speech are bilateral. he believes that cerebellar lesions which will 
produce speech disturbances must be present in both cerebellar hemi~ 

spheres. BONHOEFFER (5) as a result of his clinical experience holds to the 
same view. STENVERS (9) from an analysis of his own clinical cases and 
others in the literature concluded that speech disturbances might arise 
from unilateral lesions provided the lesion was placed on the right side 
in righthanded individuals and vice~versa. This idea was refuted by 
BROUWER (10) who held that the lesion must be bilateral and probably 
also involve the vermis or paleo~cerebellum. HOLMES (6) as a result of 
his extensive experience with gun shot wounds in the cerebellum concludes 
that speech may be disturbed by lesions of any portion of either the 
vermis or the hemispheres although it is more liable to be severely 
disturbed wh en the vermis is injured. 

In this series of experiments the hemispheres were not explored. The 
lobuli paramediani (BOLK) were accidentally injured on their medial 
surface in some cases but these injuries were slight and also occurred in 
two of the negative cases. Lesions in one or both of the hemispheres 
or very extensive lesions of the cerebellar cortex alone might produce 
the symptoms which were here found only with peduncular lesions. Of 
course vocalization is much simpier in the dog and volitional vocalization 
is not easily studied and it may readily be that even extensive lesions 
in the cerebellar cortex of the dog will produce no symptoms in vocal 
cord function wh en such lesions in man would produce definite changes 
in phonation and articulation. In any case we must conclude th at the 
cerebellum in its connections with the brain stem does appear to have 
some control over the motor activities of the vocal cords in dogs but 
that this control does not appear to be localized in any particular part 
of the cortex so far studied. 
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Geology. - The Meteorite of Ellemeet (after that of Uden in 1840, and 
that of Blauwkapel in 1843, the third in the Netherlands). By 
W. NIEUWENKAMP. (Communicated by Prof. L. RUTTEN. ) 

(Communicated at the meeting of June 25, 1927). 

Whit aloud noise, so that horses and cows took fright, this meteorite 
feIl down in a meadow near Ellemeet, in the is land of Schouwen (Holland) 
on the 28th of August 1925 about 1130 in the morning. The only eye
witness describes the phenomenon as "a golden egg with a golden arrow", 
and asserts to have seen a thin cloud of smoke, 2 m. in length. 
accompanying the stone. The stone feIl almost vertically, slightly 
from the south, and penetrated into the sods to a depth of about Yz m., 
according to the written reports sent by Mr. A. P. VAN DER WEIJOE and 
Mrs. M. WOLFERT of Ellemeet, to the Meteorological Institute at de Bilt, 
and to a communication in the "Terneuzensche Courant" of 4 Sept. 1925. 
This information was afterwards followed by three letters from Mr. W. L. 
VAN DER LINDE, Headmaster in a neighbouring village. He informed us 
that about 11 o'clock on the same day, landlabourers heard three bodies 
coming from the northwest with a whistling, howling sound, as of projectiles 
flying past, and falling down with a dull thud. Now it is a fact that 
1 Yz-2 km. northwest of the spot where the first stone was found, a second 
stone had come down. This was of a dul!. grey colour, and weighed about 
Yz kg. It had gone into the ground at an angle of about 70° to a depth of 
about 40 cm. When th is piece had been dug up, it was left exposed to the 
action of weather and wind, and has almost completely been pulverized. 

The data concerning these two stones do not quite agree, as the second 
stone came down to the north-west of the first, and moreover, came from a 
llorthwestern direction. One might therefore have expected the first stone 
also to have come from the north-west. And as stated this stone came 
from the south. Besides, there is also a difference of half an hour in the 
time-data. 

A third stone was not found. 
The first stone has been sent to the Meteorological Institute at De Bilt. 

While being dug up the stone broke into five pieces weighing about 
970 grms. (presumably some of the material had already been lost). The 
investigation brought on another loss of materia!. so that 4 of them now 
weigh 269, 239, 208, and 177 grms. A few smaller fragments are stillleft, 
weighing together circa 25 grms. Total 918 grms. 

The specific weight of the stone is estimated at 3.41. For th is deter
mination the first fragment was weighed under water, af ter the air had 
been removed from it by means of an airpump. The form of the stone 
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must have been approximately spherical (diameter 10 cm.), so far as 
could be ascertained by fitting the fragments together. On one side 
the stone is rather smooth, on the other side it is blebby and pitted with 
irregular "thumb~marks". The crust is dull black, a bit shiny wh ere 
larger crystals are fused. Fine points of magnetite, whiCh mineral 
apparently yields but slowly to the corrosion, are sticking out of the 
crust. A close network of fine suture~like cracks is seen on a large portion 
of the surface of the crust (meshes from 2 to 5 square mm.). 

Something of it can be seen on the top~fragment in the figure. The 
crust is thin (about 0.1 mm.). 

The structure is tuff~like, larger crystals of Hypersthene and a few 
grains of Olivine are lying in a matrix of Pyroxene~splinters. This 
matrix is easily friable between thumb and finger. 

Veins, Chondres and metallic iron are lacking. 
Under the microscope we observed in the slide a very large Olivine·· 

crystal (largest dimensions 1 cm.) with some smaller ones, distinguished by 
the absence of cleavage and by high double refraction. The axial angle 
was 86°, optical character negative. Dispersion : red smaller than violet. 
It contains numerous indusions of brown glass and grains of ore, the 
latter being mostly arranged along planes. A systematic position of these 
planes could not be indicated. I was also ab Ie to identify macroscopically 
a few brown Olivine~crystals, which gelatinized also with hydrochlorid 
acid. Many other larger crystals, which might be taken for Olivine on 
account of their green transparency, proved, on doser inspection to consist 
of rhombic Pyroxene. The Pyroxene~crystals present a great variety 
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exteriorly. Some of them are very dark. probably by numerous inclusions. a 
large number of which could be recognized under the microscope (again 
arranged in irregular planes). Others have the appearance of magnetite, 
as to their colour; it may be they are enveloped by a th in layer of it. 

The axial angle of the pyroxenes was estimated at 60-65°. optica I 
;:haracter negative. 

Furthermore, granules of magnetite and chromite could readily be 
identified. the latter being brownish red, transparent and isotropic. the 
former being strongly attracted by a magnet. 

Light yellow granules easily soluble in hydrochlorid acid. were consider
ed to be pyrrhotite. Some grains were not or only slightly magnetic. 

Feldspar was not found. 
Prof. N. SCHOORL was sa kind as to have determined the chemical 

composition in the 

Si02 

Cr203 
FeO 
MgO 
MnO 
S 

pharmaceutical laboratory : 

Weight Ofo % 
53.63 

1.82 
18.95 
25.65 

1.35 
0.42 

Molecular Ofo % 
48.6 

0.7 
14.3 
34.8 

1.0 
0.7. 

It is remarkable that th is composition demonstrates that Olivine is 
practically absent. although in the slide it was found in the larger crystals. 
and in rather làrge quantities. Mr. G. T. PRIOR of London to whom I 
sent a fragment of the stone. also detected some Olivine. little though it 
may be. in a slide cut from the stone. In 3 microscopical sections of two 
granules of only a few grammes Mr. A. LACROIX of Paris also observed 
several Olivine grains and considered the resemblance with Roda complete. 
The . fact that the analysis shows the absence of Olivine. would then be 
accounted for by an inhomogeneity similar to th at found by A. LACROIX of 
Roda 1). which led him to the supposition that larger crystals of 
Pyroxene and Olivine had been consolidated into a breccia. A difference 
with Roda is the total absence of feldspar. which occurs in Roda. in small 
quantity. 

At any ra te in the Brezina-system the Ellemeet belongs to the Rodite. 
defined as Achondrite, consisting of Rhombic Pyroxene with Olivine. 
breccia-like. Also in the new nomenclature of A. LACROIX it will be classed 
under the same group. although according to his definition the Olivine 
must have been identified under the microscope as weIl as by the chemical 
analysis; there is. however. no reason to suppose that a second chemica! 
analysis made of a fragment in which the Olivine has been shown under 
the microscope. should not demonstrate its presence in the same fragment . 

I) La Météorite de Roda. Note de A. LACROIX. Cornptes Rendus de l' Acadérnie des 
Sciences Paris. 180. 1925. p. 89. 
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BotaDy. - On the accurrence of growth-accelerating and grawth-retarding 
substances. By CHRISTINE J. GORTER. (Communicated by Prof. 
F. A. F. C. WENT.) 

(Communicated at the meeting of April 30, 1927). 

As a result of his experiments, PAÁL (1919) became convinced, that 
substances are formed in the top of the Avena-coleoptile, which regulate 
the growth. In a norm al coleoptile these substances are transported 
basipetally, and upon reaching the growth-zone, promote the growth, which 
means: the coleoptile grows straight. 

When interrupted (injured) or exposed to the light at one side only, 
an uneven distribution of growth-regulators will result, and a positive 

curvature develops. PAÁL believes that light affects the growth-regulators, 
either bij destroying or retarding their formation, or by impeding their 

diffusion. PAÁL therefore is the first biologist to introduce the subject of 
growth-substances. His conception that these . same substances have a 
relation to the conduction of the stimulus, is contradicted by many other 
experimenters. 

STARK (1917-1922). claims, that certain specific stimulating substances 
play a role. 

The experiments of WENT Jr. (1926) throw more light on the subject 
of the substances, which are formed in the coleoptile-top and which 
influence the growth. He has even isolated the growth-regulators from the 
coleoptile-tops. 

Previous to these recent experiments Miss SEUBERT ( 1925) had 
endeavoured to find the above mentioned sub stances. She speaks of 
"Wuchsenzyme" wh ere from we may deduct th at she is of the same 

opinion as PAÁL. To become acquainted with these substances, we can 
follow two methods, miss SEUBERT says: either isolate the substances from 
the press-juice of the coleoptiles or determine which of "the various 
substances existing in the plant" are able to cause a curvature. 

She found early in her experiments that it was impossible to isolate the 
active sub stances from press-juice. Therefore she investigated the influence 
of different substances upon the growth. She mixed the substance to be 
examined with agar, and put small blocks of this mixture on the top of the 
decapitated coleoptiles at one side. 

Wh en a negative curvature ensued (the covered flank of the coleoptile 
becoming convex) Miss SEUBERT concluded that at this side the growth 
had been increased. 

The remarkable result was that the kind of curvatureeither positive or 
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negative, was dependent upon the different concentrations of the same 
substance. Miss SEVBERT claims th at the same sub stance either helps or 
retards the growth, depending upon the concentration. 

My experiments have also shown that positive and negative curvatures 
are the result of the use of one substance in different concentrations; but 
that at the same time, there is quite possibly a different explanation with 
regard to the development of a new physiological top. 

DOLK (1926) has discovered, that a decapitated coleoptile reaches a 
growth-minimum af ter 150 minutes, and that thereafter the growth increases 
again by reason of the formation of new growth-accelerating substances ; 
which at the same time bring about a return of the phototropic sensibility. 

Miss SEVBERT photographed the curvatures af ter 6 hours, "meist 
nach 6 Stunden wurde das Ergebnis notiert", and I repeated these experi
ments, keeping in mind however, the development of the new physiological 
top. A repetition of Miss SEVBERT'sexperiments does not seem to be 
superfluous, in as much as my results with pure agar differ from hers. 

I describe below the experiments made with little blocks of unmixed agar. 
The seedlings are sown in the usual way in a zinc box WIed with soit 

in a dark room of constant temperature (25 0 c.) and humidity (90 %). 
After decapitation and the loosening of the primary leaf. thirty minutes 
should elapse before the agar-blocks are placed on the tops. Only the 
perfectly straight seedlings were used. 

It is necessary to loosen the primary leaf. because in continuing its 
growth, it might lift away the agar-block from the section, wh ere it has 
been placed. The agar must be washed several times in both clear and 
distilled water, and then melted and poured on a glass plate. The ma ss 
is divided into small blocks and placed unilaterally on the top of the 
previously decapitated coleoptiles. 

At regular periods the curvatures were observed. (See table land 11.) 
During the first 231-3 hours af ter decapitation the plants are still 

straight, but after some time a positive curvature develops, which steadily 
increases in intensity and after 5-6 hours the curvature is clearly 
visible. Three hours after decapitation more and more plants become 
positively curved. 

It is evident, that there must be some relation between the positive 
curvatures and the newly formed physiological top. It is to be understood, 
however, that a positive curvature is not yet visible af ter exactly 231 hours, 
because at that time the new growth-substances merely begin to form. 
Some considerable time must elapse before the different quantities of 
growth-substances at each side of the coleoptile appreciably affect the 
curvature. Moreover, in order to observe the first stages of the curvature, a 
much closer observation is needed. I have only taken in consideration 
curvatures th at could be detected with the naked eye. 

In regard to the influence of the agar-block upon the coleoptile, two 
conclusions may be drawn. 

47* 
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TABLE I (pure agar). 

20 seedlings decapitated 12.30 h. Agar applied 1. 15 h. 

Time Straight Negative Positlve Useless plants 1) 

2.15 h. 20 0 0 -

2.45 20 0 0 -

3.15 18 0 2 -

3.45 12 0 7 1 

4.45 7 0 12 1 

5.45 4 0 1~ 2 

T ABLE 11 (pure agar). 

22 seedlings decapltated 10 h. ag ar applied 10.30 h. 

Time Straight Negative Positlve Use1ess plants 

11.30 h. 21 0 

12.30 18 0 4 

1.30 II 0 11 

2.30 3 0 18 

3.30 3 0 18 

4.30 2 0 19 

1. In the case of a plant which had been decapitated 3 hours before, 
growth sub stances are formed in the new top. At one side only a quantity 
of these sub stances diffuse upwards into the agar, so that less sub stances 
descend at that side, which causes a positive curvature. 

2. No new top regenerates under the ag ar, but this is not the case 
at the other side: a positive curvature develops. 

My results with unmixed agar differ from those of Miss SEUBERT. Miss 
SEUBERT found that the plants remained straight. 

Some idea as to the intensity of the curvature, will be obtained from 
the picture below, which was taken by casting the reflexion of the plants 
on photographic paper. 

These and many other experiments show that positive curvatures never 
develop within 3 hours after decapitation. Miss SEUBERT, investigating the 
influence of various sub stances upon the curvature, photographed the 

1) By useless plants 1 mean those upon which the agar-block dryed out or otherwise 
feil from its place. 
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plantlets after 6 hours. If positive curvature resulted. one must consider 
that this was most likely due to the development of a new physiological 
top and not necessarily due to the growth~retarding influence of the 
substances. 

Blocks of unmixed agar are placed on one side of the coleoptile. 
The picture. taken 5112 hours af ter decapitation. shows the positive 

curvature quite clearly. 

Therefore I experimented with many of the substances. used by Miss 
SEUBERT. and noted the time that elapsed before the curvatures developed. 

Here again it was proven that positive curvatures never dev~lop within 
3 hours after decapitation. 

A full description of my experiments would take too much space. and 
I will therefore merely mention that salts: KCI (concentration 10 % as 
weil as 2Yz %) did not give a positive curvature within 3 hours. after this 
period positive curvatures develop. 

The conclusion is warranted. that KCI neither helps nor retards growth. 
but that the positive curvatures referred to by Miss SEUBERT are caused 
by the development of the new physiological top. 

Using maltose (1 %) I had the same result. Miss SEUBERT obtained 
also a positive curvature by the use of various sugars. She therefore 
concludes : "Vergleichen wir die Wirkung der einzelnen Zuckerarten 
unter einander. so zeigt sich. dasz alle ungefähr gleich starke positive 
Krümmung erregen. Die Prozentzahl und die Stärke der Krümmung 
entspricht im Durchschnitt ungefähr dem der untersuchten Preszsaft~ 

konzentration und dem einer m;l KCl~ oder NaCl~Lösung." 
She also found that independent of the nature of the substance or its 

concentration. the intensity of the positive curvature found. is about 
the same. 

Even this fact should enable us to conclude that the curvature is caused 
by the new physiological top. Particularly since we know that a positive 
curvature does not begin to develop until af ter 3 hours after decapitation. 

However there are different sub stances which cause negative curvatures. 
stimulating the growth (for instance several enzymes such as saliva. 
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diastase, pepsine). These are the substances of which Miss SEUBERT found 
that they ei th er helped or retarded growth, in accordance to the 
concentration. 

I also experimented with these substances in different concentrations. 
Table 111 and IV show the results for diastase. 

T ABLE III (Diastase-agar 1 %). 
14 seedlings decapitated 9.30 h . agar applied 10.30 h. 

Time 

12.- h. 

1.30 

2 . 30 

Straight 

o 

o 

o 

Negative 

14 

14 

14 

Positive 

o 

o 
o 

Useless plants 

TABLE IV (Diastase-ag ar 1 %' diluted 1: 10). 
i I seedlings decapitated 9.30 h. agar applied 10 h. 

Time 

12.- h. 

1.-

3.30 

Straight 

31 

18 

23 

Negative 

10 

3 

2 

The above tab les show that: 

Positive 

o 

16 

12 

Useless plants 

1. Within 3 hours after decapitation negative curvatures develop by 
using diluted as weIl as undiluted diastase. 

2. Af ter about 3 hours positive curvatures begin to develop by using 
diluted diastase. 

Here we find a tendency to bend in two different directions : the growth~ 
accelerating action of the diastase wiIl cause a negative curvature. This 
negative curvature becomes visible as soon as sufficient diastase has been 
diffused into the stump. The curvature will be more pronounced with 
increasing quantity of diastase diffusing into the plant. Af ter 1 Yz hour 
these negative curvatures are very cIearly visible. Af ter 2Yz hours the new 
physiological top begins to develop, and the plant shows an inclination to 
develop a positive curvature. 

There are of course three posibilities: 
a. The negative curvature is the strongest, completely dominating the 

positive curvature. This is the result of the use of great concentrations. 
b. Both tendencies to curve are about the same. The plant first develops 

a negative curvature, and later straightens itself again. 
c. The positive curvature is stronger than the negative. It sometimes 

happens that in the early stages the negative curvature is so slight that it 
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is practically invisible, and the plant appears to be quite straight. Later on, 
however, the plant develops a positive curvature. 

Another possibility is that a slight negative curvature forms immediately. 
and then later develops into a positive curvature. 

In this case it will be observed that the plant is first negative. th en 
straight and finally shows a positive curvature. This re sult has been 
obtained in many instances, thereby proving that diastase invariably tends 
to increase growth, but that the use of lower concentrations tends to make 
the negative curvature so slight, that af ter 6 hours it is completely 
dominated by the positive curvature. 

The same is observed in the use of saliva and pepsin. 
Miss SEUBERT'S explanation of the growth~retarding influence of salts, 

sugars and diluted enzymes is the result of more or less complicated 
hypotheses. Therefore the idea that certain concentrated sub stances either 
help or retard growth. is unsound; since we have shown that a positive 
curvature results from the formation of a new physiological top. 

Summary: The sub stances used in my experiment all accelerate 
the growth. A growth~retarding substance has not been found. lts 
appearance should cause a positive curvature of the stump within 2Yz hours. 
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Physiology. - On thc Segmental Innervation of the Skin of Rays 1). By 
Dr. J. TEN CATE. (Communicated by Prof. G. VAN RIJNBERK) . 

(Communlcated at the meeting of June 25. 1927). 

The innervation of the skin of fish by the posterior roots of the spinal 
cord has thus far received Iittle attention. Direct indications of a segmental 
innervation of the chromatophores of the skin by the sympathetic system 
in Pleuronectides are to be found in the researches by POUCHET 2). 
VAN RIJN BERK 3) has established the segmental innervation of the skin by 
the pigmento-motor nerve fibres in Solea-, and Rhomboidichthys-species. 
VAN RIJN BERK 4) also demonstrated in sharks. in scillium catulus, and 
scillium canicula the segmental innervation of the skin by the posterior 
roots. This. to my knowiedge. is about all that the literature contains 
concerning this problem. 

I have conducted a series of experiments with rays (raja clavata), trying 
to make out how the skin of this fish is innervated by the posterior roots, 
and I applied principally the method of th-e so-called "remaining sensibility", 
suggested by SHERRINGTON for the determination of the botindaries of the 
dermatomata. As known, this method consists in isolating one dorsal root, 
or a group of them. by severing from two to four roots cranial or caudal 
to the first-named. Thus a sensible field is obtained, bounded by two 
insensible fields. By means of this demarcation of the sensible and 
insensible fields the location as weIl as the ex tent of the dermatomata can 
be established. 

The spinal cord of rays. extending all along the vertebral column as far 
as the end of the taiI. distributes a large number of dorsal and ventral roots 
to ei th er side, which unite outside the vertebral column. 

FÜRBRINGER 5) was the first to show that the first two or th ree spinal 
nerves are formed only by the vent ral roots. In fair agreement with the 
observations by BRAUS 6) I could establish in most rays. examined by me, 
th at already the third spinal nerve is formed as weIl by the ventral as by 
the dors al root; but in a few cases the third spinal nerve was supplied 
only by the ventral root. In rayS the first 17 or 18 spinal nerves form the 

1) Af ter the experiments made in the aquarium of the K. Zoö\. Genootschap N. A. M. at 
Amsterdam and the Zoöl. Station at Den Helder. 

2) clt. af ter V. RIINBERK. Ergebnisse der Physiol.. Bd. V. 1906. 
3) Archivio dl Fisiologia. Vo\. III. 1906. 
4) PETRUS CAMPER. Neder\. Bijdragen tot de Anat.. D. III. Afl. 1. 1904. 
5) Ueber die spino-occip. Nerven der Selachier. Festschrift f. L. GEGENBAUER. 111. 

Leipzlg 1897. 
6) Jenaische Zeitschr. f. Naturwlss .• Bd. 31. N. F . 24, 1898. 
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plexus cervico-pterygialis, which in conjunction with the 18th to the 21st 

spinal nerve is located between the skuIl and the shoulder-girdle, and 
innervates the skin of the trunk before and above the shoulder-girdle, and 

Fig. I. 

of the anterior half of the pectoral as weIl. The 
spinal nerves emanating from the spinal cord behind 
the shoulder-girdle innervate directly the skin of the 
trunk and the hindermost half of the pectorals, 
without forming a plexus. 

GeneraIly the pectorals are innervated by the rami 
pterygialis of the 3d to the 40th spinal nerves. But 
I observed that also the 41 st spinal nerve not 
infrequently participates in the innervation of the 
pectorals. Here, as weIl as in the formation of the 
plexus cervico-pterygialis, could differentiate 
several variations. 

Interpterygial nerves, such as in Squalides, do not 
occur in rays. The 41 st or the 42d pair of the 
spinal nerves participates already in the innervation 
of the ventral fins. The last pair of the spinal nerves 
that innervates the ventral fins is the 56th ; the 
next-foIlowing innervate the tail and form, as estab
lished by ROBIN, a plexus on either side, reaching as 
far as the end of the tail. 

The boundary-lines and the location of the 
various dermatomata, identified by me after 
SHERRINGTON'S method, I have indicated in a series 
of schemata. As, however the location as weIl as the 
boundaries of the dermatomata of the ventral side 
differ comparatively little from those of the dorsal 
side, I may be aIlowed to confine myself to repro
ducing only a general diagram of the boundaries of 
the dermatomata, and that of the dorsal side 
(Fig. 2). 

It will be seen from this diagram that the 
course of the boundaries of the dermatomata differs. 
N evertheless a prototype can easily be identified. 
The dermatomata lying on the level of the shoulder
girdle are most typical. They (from the 20th to 
the 22d ) run fanlike from the diameter of the trunk 
to the margin of the pectoral fin and are broadening 
towards the periphery. More anteriorly and 
posteriorly this shape has more or less altered, 
because the part of the dermatoma that overlaps 
the fin has turned foreward or backward. 

When measuring the breadth of these dermatomata at the dorsal and 
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the ventral diameter. and at the lateral line of the trunk. where the skin of 
the trunk passes on to the fin. it is easy to convince oneself that the breadth 
of the dermatoma of the dorsal diameter gradually increases towards the 
lateral line. Near the ventral diameter the dermatoma is always broader 
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Fig. 2. 
(The average boundaries of the dermatomata: to the leEt the caudal. 

to the right the cranial). 

than near the dorsal diameter. and about equal to. but frequently also a 
little broader than near the lateral line of the trunk. From the relations of 
the breadth of the dermatomata. just now referred to. it appears th at in 
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rays they are trapezoidal. as it is the case in most animaIs, and as has been 
described by VAN RIJNBERK also for sharks. The following diagram 
(fig. 3) is a fairly correct representation of the dermatomata in rays. 

As stated above, we find in the fore~part of the body of rays a number 
of anomalies and complications in the structure of the dermatomata. The 
part of the trunk that is bounded in front by the head and laterally by the 
giIl~pouches, is covered with a comparatively narrow strip of skin, which 
is innervated by the dorsal roots forming the plexus servico pterygialis. In 
this part of the skin I could not establish a distinct dermatomere. In a ray, 
however, of which the posterior roots of the 4th to the lOth spinal nerve 

had been cut across, I detected complete 
~ insensibility. More backwards, between 

:,:;..:;.;;.;;;,;;..;Sr--- the posterior margin of the · gill~pouches 
and the shoulder~blade, on the other 
hand, the course of the dermatomata 
could weIl be made out. These derma~ 
tomata, also innervated by the plexus 
cervico pterygialis, run from the dorsal 
and also from the ventral side by way 
of the trunk to the margin of the fins 
in the form of the ribs of a fan. The 

Fig. 3. 

a-a dorsal diameter 
b-b lateral line of the trunk 
c-c ventral diameter peripheral part of these ribs, that 
d-d margin of the lin overlaps the pectoral fin, reveals a 

larger deviation anteriorly the more cranially it is situated. 
Quite a peculair position is occupied by the 3rd to the 9th dermatomata. 

Their whole course coincides with the anterior part of the pectoral fin, no 
contact with the trunk can be identified. The form of these dermatomata is 
also most like that of the ribs of a fan. The pointed end of these ribs is 
situated just at the head~region, the broad part coincides with the fin~ 

margin. Here, no doubt, we have to do with a foreward displacement of 

Fig. 4. 
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the dermatomata, which can be interpreted about in the same way as 
BOLK 1) has suggested for the extremeties of mammais. In rays, however, 
the displacement of the dermatomata is only a foreward shifting, a fact 
th at tallies quite weil with FÜRBRINGER and BRAus's theory concerning the 
forward extension of the pectoral fin. The shifting of the dermatomata 
may be imagined, as is represented in Fig. 4. 

The dermatomata that are situated on the trunk behind the shoulder~ 
girdle spread on the posterior half of the chest in the shape of a fan. This 
form, however, has become different in th at the peripheral part, that covers 
the fin, deviates the more posteriorly, the more the dermatomata are 
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The average boundaries of the dermatomata : to the left caudal. 
to the right the cranial. 

1) De segmentale innervatie van romp en ledematen bij den menseh, Haarlem 1910. 
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disposed caudally, as may be seen in fig . 2. The more posterior the position 
of the dermatomata the smaller the angle becomes, at which the peripheral 
part of the dermatoma is inclined to the part of the trunk. The course of 
the dermatomata covering the trunk and the ventral fins is just the same. 
This is evident from fig . 5, in which I have given schematically the 
boundary lines of some of these dermatomata. 

The innervation of the skin of the tail by the posterior roots happens 
in about the same way as on the trunk. In spite of the deviating configur~ 
ation of the tail, the experiments af ter SHERRINGTON'S isolation~method, 
and RossI' s section~method, showed that the form of the dermatomata is 
the same here as on the trunk, namely a trapezium. This trapezoidal shape 
is here much more pronounced than on the trunk. 

The overlapping of the dermatomata I have examined in some 
experiments after DE BOER's direct strychnine method 1) . As such 
experiments are comparatively difficult to perform with rays, I had to 
content myself in most cases with the indirect determination of the over~ 

lapping by the breadth of the sensible and insensible fjelds by the method 
suggested by WI NKL ER and VAN RIJ NBERK 2) . 

These calculations have shown that in rays the overlapping in all parts 
of the body is larger than one third of the breadth of the dermatomata; in 
most cases it is about one half of it. In some places, as e.g. on the ventral 
diameter the overlapping can be even more than the half of that breadth. 
The results obtained by the strychnine~method confirm the indirect 
measures found for the overlapping of the dermatomata. 

') Psychiatr. en Neurolog. bladen, 1918. 
2) Vers!. Kon. Ak. v. Wetenseh ., 1901. 



Chemistry. - The Plocculation of Agarsols through Salt Mixtures. 
By Dr. E. H. BÜCHNER and D. KLEIJN. (Communicated by Prof. 
P. ZEEMAN.) 

(Communicated at the meeting of June 25. 1927) 

It is generally known that HOFMEISTER was the first to make system~ 
atic experiments on the flocculation of albumin from its solutions caused 
by different salts. in which he found that the salts can be arranged in 
the following succession according to their diminishing power of floccu~ 
lation : citrate. tartrate. sulphate. acetate. chloride. nitrate. chlorate. Of 
a number of other salts. as bromide. iodide. rhodanide. HOFMEISTER 
perceived that no flocculation was obtained. not even when saturated 
solutions were used. EVidently these were not concentrated enough. and 
the flocculating power of these salts was still smaller than that of chlorate. 
This conception. according to which every salt should pOS1!ess flocculating 
power. although this is sometimes not to be measured or even to be 
detected on account of its smallness. is as we believe. universally ac~ 
cepted. N evertheless it appears to be erroneous. as we shall prove. 

In an investigation of HOFMEISTER's series in agarsols the idea occurred to 
us to work with mixtures of salts in order to complete the series. When 
dealing with a salt that does not bring ab out flocculation itself. its solu~ 
bility being too smalI. a quantity of a salt with flocculating power may 
first be added to the sol. but not so much th at it should bring about 
flocculation. Then it may be determined how much of the first mentioned 
salt is still required to cause flocculation. If the two salts acted purely 
additively. the flocculation concentration of the apparently not flocculating 
salt might be calculated by extrapolation. 

With this purpose a number of experiments were made in the following 
way. In a test tube 3cc. of a 1% agarsol were put. and in a second ~ube 
a solution of sodium sulphate and another salt in different proportions. 
This solution was filled up to 6 cc.. the total volume. therefore. always 
being 9 cc. Generally three different concentrations were tried at the 
same time. the quantity of the salt solution always being increased by 
0.1 cc.. in such a way that the first did not flocculate. the second only 
feebly. and the third mostly very clearly. The experiments were made 
at about 50°; accurate regulation of the teinperature was not necessary. 
as no change was to be observed even at 70°. 

It now appeared that actually it is possible to speak approximate!y 
of an additive character of the flocculating power; a certain quantity 
of sodium sulphate may simply be replaced by another corresponding 
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quantity of e.g. sodium tartrate. According as the flocculating power of 
the second salt decreases. a greater quantity of this salt is required to 
replace a definite quantity of sodium sulphate. in accordance with 
the expectation. Compare in the subjoined figure the lines for ferro~ 
cyanide. citrate. phosphate. tartrate. thiosulphate. tungstenate. molybdate. 
formiate. acetate. bromate. H. however. this experiment is made with 
sodium iodide as second salt. it appears that now more sodium sulphate 
is required to cause the agar to flocculate instead of less. Hence the 
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iodide counteracts the sulphate; in other words it does not only lack 
flocculating power. but it has even the opposite effect. Only in diluted 
solutions (Iess than 0.3 mol. NaJ) it has an influence in the same direction 
as sodium sulphate. The same behaviour as with iodide is met with in 
bichromate. perchlorate. bromide. chlorate. nitrate. and nitrite 1). chloride 
behaving pretty weil indifferently. Here. too. the action of the salts is 
additive; the lines in tbe grapb are straigbt. at least starting from a 
certain concentration. 

Tbis result comes really to tbis tbat two groups of salts. flocculating 
ones and anti-flocculating ones. are to be distinguisbed 2). This conflicts 
witb tbe current conception. but it is in striking barmony witb what 
bas been observed in the swelling. in the gelatinisation and in the viscosity 
of colloids. There. too. iodide and sulphate are always found in opposition 
to each other; the first ion promotes swelling. lowers the setting point. 
diminishes the viscosity. the second has exactly an opposite effect in all 
these cases. Even more. it appeared in an investigation on the imbibition 
of gelatine in different salt solutions 3) that the swelling was stronger 
tban in water for chloride and nitrite (though very Iittle). thiosulphate. 
bromate. chlorate. bromide. nitrate. percblorate. iodide. whereas the 
other salts mentioned in this investigation oppose the swelling. Hence 
the groups of the flocculating and the imbibition opposing salts. of the 
anti-flocculating and the imbibition promoting salts almost completely 
coincide. 

A full communication will later appear elsewhere. The experiments 
are being continued. 

Inorg. Chem. Laboratory. University of Amsterdam. 
High School, Oostburg. 

1) Not ~11 drawn in the figure. 
2) This division is not an absolute one. holding for all colloids. NaCI03 e.g . still 

belongs to the flocculating group as far as albumin is concerned. but to the anti Hoccul
ating group as regards agar. 

3) BÜCHNER. Rec. Trav. Chim. 46. 439 (1927). 



Physics. - Provisional Results of Determinations of Gravity , made during 
the Voyage of Her Majesty 's Submarine K XIII from Holland via 
Panama to Java. By Prof. F . A . VENING MEINEsz. 

(Communicated at the meeting of June 25, 1927). 

Before making a communication, also on behalf of the Netherlands 
Geodetic Commission, of the provisional results of the determinations of 
gravity made on the oceans under the auspices of this commission, I will 
acquit myself of a debt of honour, though at th is place 1 can not devote 
more than a few sentences to it. 1 wish to express my feelings of 
gratitude, first of all to the above-mentioned commission, and in particular 
to its president, Prof. Dr. J. J. A. MULLER, who has embraced the view, 
that though the investigation in question was outside the immediate sphere 
of action of the commission in a narrower sense, it yet did fall within its 
scope on a wider conception of its task as a scientific geodetic commission, 
and who on a liberal scale has made it possible for me to arrange and carry 
out the observations entirely according to my ideas. 

Further I wish emphatically to express my indebtedness to the Dutch 
Navy, whose authorities have created the possibility of making these 
observations by giving me permission to travel on board the KlIfrom 
Holland by the ordinary route to Java, and on board the K XI from 
Holland to Port-Said, and by finally crowning this work by directing the 
K XIII to make the long voyage to the Indies via the Panama Canal. 

I also wish to render thanks , and this not in the last place, to the 
commanders, officers, petty officers and men of the boats, all of whom with 
the greatest readiness gave their assistance, and of whom I will only 
mention here as representatives Mr. L. A . C. M . DOORMAN and 
Mr. L. G. L. VAN DER K UN , resp. commanders of the KIl and the K XIII. 

And finally my thanks are due to the D . I. Radio Service, the Topo
graphical Service at Weltevreden, and the Astronomical Observatory at 
Lembang, by whose energetic and efficient cooperation, with the support of 
Mr. K. A . R. BOSSCHA, an accurate radio time-service was organised, 
which supplied the time signals required for the observations during the 
crossing of the Pacific . 

The discussion of the investigations is naturally divided into three 
sections : 

1. The theoretic treatment of the method by which it is possible to 
carry out accurate determinations of the gravity at sea by means of 
pendulum observations. 

2. The technique of the observations and the computations, and the new 
apparatus constructed af ter the experience got during the first voyage 
with the K 11. During the voyage with the K XI it was put to the test, and 
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proved to be satisfactory; for the voyage in the K XIII it was further 
improved by cardanic suspension. 

3. The choice of the route and the observation stations in connection 
with the problems, to whose solution contributions were expected, and the 
results obtained. 

On this occasion only the third point will be discussed, and only the 
voyage of the K XIII will be treated. As regards the results of the 
voyage of the KIl we may refer to the publications of the Netherlan.ds 
Geodetic Commission : 

"Observations de pendule sur la mer", 1923, and the subsequent : 
"Isostatic reduction of the pendulum observations at sea", which gives 

the isostatic reduction of the observations, carried out disinterestedly by 
the bureau of the Coast and Geodetic Survey at Washington. The results 
of the voyage of the K XI, the isostatic reductions of which have likewise 
been computed by this bureau, will shortly appear. 

For the results of the voyage of the K XIII Dr. WILLlAM BOWIE, Chief, 
Division of Geodesy, of the service mentioned, will also provide these 
reductions for which important contribution our sincere thanks may be 
expressed here. As however they have not yet all been computed, we prefer 
to give them in a subsequent publication, when the complete list can be given. 

It was of great importance that when fixing the route of the K XIII 
the interests of the investigation were fully taken into account by the 
Navy. The following points came into consideration: 

1. The investigation whether the longitude term in the normal 
formula for the gravity has any rea 1 significance. This term has made 
its appearance in the successive treatment of the gravity material on the 
continents by HELMERT (1915) and HEISKANEN (1925), as appears from 
the following formulae found by them : 

go = 978.052 (1 + 0.005285 sin2 tp-0.000007 sin2 2tp + 
+ 0.000018 cos2 tp cos 2 (1 + 17°)) 

go = 978.052 (1 + 0.005285 sin 2 tp-0.000007 sin2 2tp + 
+ 0.000027 cos2 tp cos 2 (1 - 18°) ). 

For the solution of this question the circle of observations surrounding 
the earth, made on the voyages of the KIl and the K XIII, could give new 
material. It was desirabIe for this purpose that the voyage of the K XIII 
should not be made at too great latitude, and besides at latitudes th at did 
not vary too much. For th is reason the route across the Atlantic ocean was 
chosen via the Canaries to the West Indies, and across the Pacific, af ter 
San Francisco had been called at, which was desirabIe for navy~technical 
reasons, via Honolulu to Manila. 

2. The investigation whether the isostatic equilibrium of the earth's 
crust, which save for local exceptions, has been found on the continents, is 
also present on the ocean. 

3. The inquiry into the course of the gravity above the middle atlantic 
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ridge. For th is purpose it was, of course, desirabie to cross the lines of 
equal depth as much as possible at right angles. Once this crossing was 
already to take place on the route from the Canary Islands to the West~ 
Indies. In order to get more material. however, it was resolved to go from 
Helder via the Azores to the Canary Islands, so that the ridge would 
once more be crossed. 

4. The investigation of the course of the gravity above the great ocean 
deeps. Ouring the voyage of the K XIII data could be obtained above 
four deeps : 

the Porto~Rico deep, N. of Porto~Rico ; 
the Nero deep, E. of Guam; 
the Yap deep, E. of Yap ; 
the Philippine deep, E. of the Philippine Islands. 
Moreover during the stay in the lndies of the K XIII a detailed gravity 

investigation could take place above the deep South of Java, which region is 
also interesting because it plays such an important part for the lndies in 
seismic respect. The resuJts of th is investigation have not yet been 
provisionally calculated. 

5. The investigation of the course of the gravity above the slopes of 
the continental shelves. A good opportunity was offered for this by the 
passage from Panama to San Francisco. Several times a course was taken 
towards the coast at about right angles to the lines of equal depth, in 
which a series of observations was made at the most suitable points. 

6. The investigation of the course of the gravity in the Eastern part 
of the Malay Archipe!ago. Sailing from Manila via Strait Manipa and 
Ambon to Banda, and then from Banda along Oammar to the South to 
the Sahulshelf, the double arc of islands twice was crossed, during which 
observations could be made at all critical points. 

From the Sahulshelf a course was taken round the North of Timor via 
Bima to Surabaya; on the way one observation was made, above the 
Flores deep. 

As almost all the observations had to be made during submergence, the 
investigation required much of the crew: Sometimes the boat had to go 
down as often as four times a day, and a day without submarine practice 
was exceedingly rare. In every respect full attention was given to the 
interests of the investigation, and it may be stated with great satisfaction 
that the good spirits on board never suffered by it. 

To complete the gravity investigations soundings have been carried out, 
for which the echo~method was applied. For the voyage of the K XIII the 
Navy had bought an echo sounding apparatus, which was, however, not 
entirely satisfactory; when sailing above water, e.g., no soundings were 
possible. The values obtained under water, which as regards place, 
correspond, therefore, with the determinations of the gravity, have, save 
for a few exceptional cases, probably no greater mean error than 15 m. 

48* 
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The purpose of the soundings was to obtain more data ab out the 
topography of the bottom for those parts where it was insufficiently known, 
and where this was not the case, to define the place of the gravity 
observations with respect to the topography of the bottom more accurately 
than was possible by the ordinary determination of the position of the ship. 

The mean error of the gravity determinations, the results of which 
follow, may be estimated at ± 0.004 cm. The results, however, have only 
been provisionally computed, and are still unchequed; a definitive 
computation may modify them somewhat. The results have been reduced 
to sea-Ievel. i.e. they represent the va lues which would have been found 
if the observations had been made at the surface of the sea. 

The anomalies have been calculated with respect to three normal 
formulae: 

Anomaly 1 with respect to the formula of HELMERT of 1901 : 

)'0 = 978.030 (1 + 0.005302 sin 2 rp-0.000007 sin2 2rp). 

Anomaly 2 with respect to the formula of BOWIE of 1917: 

)'0 = 978.039 (1 + 0.005294 sin 2 rp-0.000007 sin 2 2rp) . 

Anomaly 3 with respect to the formula of HELMERT of 1915 without 
longitude term , which is the same as the formula of HEISKANEN of 1925 
without longitude term : 

)'0 = 978.052 (1 + 0.005285 sin2 rp-0.000007 sin 2 2rp ). 

The anomalies mentioned below in the text are the anomalies 2, i.e. those 
with respect to the normal formula of BOWIE. 

The gravity stations have been marked on the adjoined map with the 
numbers of the stations. 

PROVISIONAL RESULTS H. M. S. K XIII. 

Longitude Echo Anom.1 Anom.2 Anom. 3 NT D.re 
Latitude j , depth go 0.001 0.001 0.001 . 1926 cp W . o. sea level meters cm. cm. cm. 

Greenw. 

0 I 0 I 

1 2 June 44 12 15 33 5040 980 .548 + 4 - 1 -10 

2 3 .. 43 12.8 18 46.3 4410 980.510 + 56 + 50 + 41 

3 4 .. 41 33.4 21 37 4000 980.347 + 42 + 36 + 27 

4 5 .. 39 48 24 57 3540 980.210 + 62 + 56 + 47 

5 6 .. 38 31.78 28 37.45 Horta 980.162 +126 +120 +110 

6 10 .. 36 23 26 43 3580 979.895 + 47 + 41 + 31 
I 

7 11 .. 33 42.3 24 19 5450 1979.637 + 16 + 10 0 

8 12 .. 30 46 .3 22 29.8 5140 979.404 + 21 + 15 + 4 
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PROVISIONAL RESULTS H. M. S. K XIII. (Continued). 

Date "''';-rngitndO[ Echo Anom.1 Anom.2 Anom.3 
NO. depth go 0.001 0.001 0.001 1926 /, I sea level cp E.o.Greenw. meters cm. cm. cm. 

0 I 0 I 

99 31 Oct. 09 30 .71 138 10.36 Yap 978 .477 +303 +294 +281 

100 2 Nov. 09 21.2 138 46 .9 4500 978 . 190 + 23 + 15 + 2 

101 3 . 09 30.6 136 35 .4 4770 978 .204 + 33 + 25 + 12 

102 4 .. 09 54 .0 132 46.5 6080 978.213 + 31 + 22 + 9 

103 5 .. 10 12.4 129 21. 5 5760 978.256 + 64 + 56 + i3 

10i 6 .. 10 21.2 127 40.3 5760 978.265 + 68 + 59 + 46 

105 6 .. 10 21.2 126 43.8 8740 978.012 - 185 -194 - 207 

106 6 ., 10- H.8 126 00.0 52 978.482 +289 +280 +267 

107 8 .. 13 19.0 121 37.7 541 978.336 + 32 + 23 + 10 

108 9 .. H 35.18 120 57 .92 Manila 978.361 + 4 - 5 - 17 

109 20 .. 08 50.4 121 52.2 1870 978.138 - 11 - 22 - 35 

110 22 " 04 34.9 123 44.0 5HO 978.157 + 94 + 85 + 72 

111 24 Nov. -00 29.2 125 59.1 2380 977 .825 -205 -2H -227 

112 24 .. -01 44.7 126 57.0 14iO 978 .058 + 24 + 15 + 2 

113 24 .. -02 35 127 12 5180 978.051 + 11 + 1 - 12 

111 25 .. -03 22 .8 127 27 .2 3540 977.999 - i8 - 57 - 70 

115 25 .. -03 41.3 128 10 .4 Ambon 978 . 180 +129 +120 +107 

116 30 .. -03 59 .0 129 23.0 i500 978 .036 - 19 - 28 - i1 

117 1 Dec. -Oi 32.0 129 53.7 Banda 978.272 +210 +201 +188 

118 2 '. -05 35 .5 129 28.2 4840 978 . 123 +44 + 35 + 22 

119 3 .. -07 10.3 128 54.0 3420 978.H2 + 32 + 23 + 10 

120 3 .. -07 40.0 128 47.0 4600 978 .038 - 84 - 93 -106 

121 3 .. -08 13.3 128 32.8 1060 978.112 - 23 - 32 - 45 

122 3 '. -08 48 128 26 2100 978 .019 -132 -140 -153 

123 i .. -09 36 128 07 100 978.230 + 57 + 48 + 35 

124 6 .. -07 52.1 121 56.7 2570 978 . 151 + 24 + 15 + 2 

125 6 .. -07 44 .7 119 58.5 4990 978.032 - 92 -101 -111 

126 7 .. -08 27.1 118 42.7 Bima 978.274 +132 +123 +110 

127 11 .. -07 53.2 114 53.8 900 978.190 + 63 + 5i + 41 

128 15-16 .. -07 12 . 11 112 44 .63 Surabaja 978 . 138 + 27 + 18 + 5 
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PROVISIONAL RESULTS H. M. S. K XIII. (Continued). 

Longitude Echo Anom.l Anom.2 Anom.3 
NO. Date Latitude À depth go MOl 0.001 0.001 192ó cp w. o. sea level 

Greenw. 
meters cm. cm. cm. 

0 I 0 I 

69 18 Sept. 22 57.4 153 41.1 4580 978.880 + 65 + 57 + 45 

70 19 .. 22 14.1 155 24.9 4510 978.799 + 30 + 22 + 10 

71 19 .. 21 45 156 15 5420 978.660 - 79 - 87 - 99 

72 20 .. 21 09 157 28 520 978.885 +183 +175 +163 

73 21 .. 21 18 .45 157 52.0 Honolulu 978.942 +231 +223 +211 

74 2 Oct. 20 48.8 158 36.5 4290 978.685 + 3 - 5 - 17 

75 3 .. 20 27.7 160 50.3 4580 978.693 + 32 + 24 + 12 

76 4 .. 19 58.0 165 02.6 4950 978.662 + 30 + 22 + 10 

77 5 ~ 19 30.7 168 28.2 3520 978.669 + 63 + 55 + 43 

78 6 .. 19 06.7 171 34.8 2640 978.666 + 83 + 75 + 63 

79 7 .. 18 39.1 174 57.7 1790 978.663 +105 + 97 + 85 

80 8 .. 18 06.0 178 13.5 3820 978.551 + 22 + 15 + 3 
E. o. Greenw. 

81 9-10 .. 17 46 .8 179 33.6 4890 978.520 + 9 + 1 -11 

82 11 .. 17 01.7 176 23.7 3180 978.543 + 70 + 62 + 50 

83 12 .. 16 12.1 171 53.4 5600 978.442 +10 + 2 - 10 

84 13 .. 15 32.2 168 25.7 5600 978.411 +10 + 2 - 10 

85 14 .. 15 07.2 164 56.2 5330 978.409 + 28 + 19 + 7 

86 15 .. 14 H.3 161 30.0 5490 978.362 - 1 -10 - 22 

87 16 .. 14 05.0 158 09.5 5880 978.328 - 8 - 16 - 28 

88 17 .. 13 40.5 155 57.6 5910 978.310 - 8 I 17 - 29 

89 18 .. 12 41.7 150 56.5 5780 978.311 + 32 + 23 + 10 

90 19 .. 12 01.0 147 36.9 5610 978.286 + 32 + 23 + 10 

91 20 .. 12 15.0 146 00.9 6690 978.200 - 62 - 71 - 84 

92 20 .. 12 46.2 145 38.7 8740 978.057 -225 -234 -247 

93 20 .. 13 04.5 145 18.3 2850 978.400 +106 + 97 + 84 

94 28 .. 13 26.8 144 39.8 Guam 978.538 +229 +220 +207 

95 29 .. 13 41.5 142 52.7 3610 978.390 + 71 + 62 + 49 

96 30 .. 10 35.0 140 22.2 2600 978.304 +100 + 92 + 79 

97 30 .. 09 56.8 140 04.7 2340 978.285 +101 + 93 + 80 

98 31 .. 09 23.3 138 31.3 7720 978.030 -138 - 146 -159 
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PROVISIONAL RESULTS H. M. S. K XIII. (Continued). 

Longitude Echo Anom. l Latitude !. depth gO 0.001 
rp W.o. sea level 

Greenw. 
meters cm. 

0 I 0 I 

10 22.1 88 27.9 3470 978.255 + 58 

13 35.4 95 27.3 3870 978.366 + 51 

14 57.5 98 24 .9 3660 978.416 + 42 

15 16.7 98 21.4 3970 978.408 + 20 

15 37.6 98 17 .8 4720 978.334 - 70 

16 01.3 98 12.4 890 978.460 + 37 

17 30.6 103 26 .4 5020 978.421 - 76 

18 00.0 103 26.4 3050 978 .. 453 - 70 

18 14 .1 103 27.4 710 978.567 + 31 

23 06.0 106 24.8 Mazatlan 978.861 + 36 

24 26.0 113 30 .3 3610 978 .925 + 11 

26 31 115 40 3140 979.084 + 25 

27 01.0 115 21.0 3340 979.074 - 21 

27 20.5 115 10.0 3080 979.060 - 60 

29 18.7 117 05.0 3320 979.238 - 29 

31 Ol 119 18 3760 979 .398 - 3 

33 11 121 30 4010 979.582 + 5 

35 50 122 42 3490 979 .808 + 7 

37 48.5 122 25.9 San Franc. 979.998 + 26 

37 33.7 123 02.2 680 980.162 +211 

37 08.7 123 53.8 3770 979.894 - 20 

36 20.7 125 25.7 4530 979.842 - 3 

34 46.4 128 33.7 4940 979.708 - 3 

33 14.9 131 52 .0 5130 979.583 0 

32 12 .4 134 00.1 4940 979 .505 + 8 

30 15 .1 138 29.8 4830 979 .349 + 8 

28 57.3 141 15 .8 4960 979.270 + 30 

27 27.8 144 20 .9 4890 979.171 +43 

25 46 .2 147 42.7 5210 979.036 + 30 

21 18.3 150 48 .8 5300 978.934 + 29 

Anom.2 Anom.3 
0.001 0.001 
cm. cm. 

+ 49 + 36 

+ 42 + 30 

+ 34 + 22 

+11 - 1 

- 79 - 91 

+ 29 + 17 

- 85 - 97 

- 78 - 90 

+ 23 +11 

+ 28 + 16 

+ 4 - 8 

+ 18 + 7 

- 29 - 40 

- 67 - 78 

- 37 - 48 

- 10 - 21 

- 2 - 12 

+ 1 - 9 

+ 20 + 10 

+205 +195 

- 26 - 36 

- 9 - 19 

- 9 - 19 

- 7 - 17 

+ 1 - 9 

+ 1 - 10 

+ 23 + 12 

+ 36 + 25 

+ 23 + 12 

+ 22 +11 
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PROVISIONAL RESULTS H. M. S. K XI\I (Continued) . 

-1 ~ng"n~ f! h 
Anom.l Anom.2 Anom.3 

NO. Date Latitude }, de~t~ go 0.001 0.001 0.001 1926 cp W. o. meters sea level cm. Greenw. cm. cm. 

a I 0 

15 9 13 June 29 !i 19 4590 979.278 + 16 + 9 - 2 

10 !i .. 28 39 .6 IS 53.1 3600 979 .210 - 8 - 15 - 26 

11 li .. 28 09 .3 15 25.2 L. Palm. 979.390 +209 +203 +192 

12 22 . 27 11.6 17 51 3710 979 . !i8 + 40 + 32 + 21 

13 23 .. 26 32.9 21 38.7 4760 979.091 + 29 + 22 +11 

14 2i .. 25 H.6 25 19 .0 49601 979 .034 + 30 + 23 + 12 

15 25 .. 25 11. 8 28 52.0 ? 979 .013 + 49 + 42 + 31 

16 26 .. 25 Ol 32 30 5900 978.968 + 15 + 7 - 4 

17 27 
" 2i 32 .2 36 02 .7 5930 978 .942 + 22 + !i + 3 

18 28 .. 2i 03.8 39 38.7 5730 978 .898 +10 + 2 - 10 

19 29 .. 23 44.5 iJ 03 .7 39S0 978 .896 + 29 + 21 + 9 

20 30 .. 23 20 .6 i7 02.1 3530 978.887 + 46 + 38 + 26 

21 I July 23 04 50 42.2 4850 978 .852 + 30 + 22 + 10 

22 2 .. 22 45.2 54 34.5 5880 978 .804 + 2 - 6 - 18 

23 3 .. 22 16.8 58 26.7 5840 978 .770 - 2 - 10 - 22 

2i 4 .. 21 34 .9 63 21 5650 978 . 751 + 23 + 15 + 3 

25 5 .. 20 41.8 65 30.2 5480 978 . 706 + 31 + 23 +11 

26 5 .. 19 30.0 66 50.5 8030 978 .284 -321 -329 -341 

27 6 .. 18 23.7 67 42.3 290 978 .549 + 5 - 3 - 15 

28 6 .. 16 54 67 42.3 4900 978.460 - 6 - !i - 26 

29 8 .. 12 06.38 68 56.10 Curaçao 978.i31 +174 +165 +152 

30 20 .. 12 00.0 69 12.0 1120 978.251 - 2 -11 - 2i 

31 21 .. 12 55 71 50 1550 978 .243 - i5 - 53 - 66 

32 23 .. 10 25 77 13 3290 978.172 - 26 - 36 - i9 

33 23 . 09 55 77 59.5 !i50 978.177 - 6 - 15 - 28 

3i 2i .. 09 22.38 79 53.27 Cocosolo 978.250 + 83 + 75 + 62 

35 30 .. 08 57.53 79 33 .93 Balboa 978 .249 + 94 + 85 +72 

36 31 .. 07 17.3 80 01.8 ? failed 

37 31 .. 06 42 80 12 3480 .. 
38 I Au'i,I. I 07 01.2 82 37.5 3150 978.168 + 61 + 53 + iO 
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General!y speaking it must be considered premature to drawalready 
conclusions from the results of the voyage. The observations must first 
be subjected to the topographic reduction, in which the deviations of the 
gravity caused by the topographic relief of the earth~surface is taken into 
account, and to the isostatic reduction giving the deviation caused by the 
mass deviations in the earth 's crust for perfect isostatic equilibrium. 
Accordingly, this discussion may be postponed to a later occasion. 

However, some general remarks and conclusions may already he made, 
which wil! not be affected by th is reduction. The most important is that 
both on the Atlantic Ocean and on the Pacific Ocean an excess of gravity 
occurs throughout large areas. On the Atlantic Ocean the mean over 
seventeen pure ocean stations, lying between the 15th and the 51 st degree 
of longitude is for instance + 0.025 cm. , while it can already he communi~ 
cated now that af ter isostatie reduction this mean rises to above + 0.40 cm. 
It appears, indeed, from the result of the two ocean stations of the voyage 
in the K XI. which give : +0.015 and +0.061, that this excess probahly 
extends also to the East as far as Europe. 

On the Pacific Ocean the mean of six pure ocean stations between the 
141 st degree of longitude and Honolulu is + 0.030 em., and of eight similar 
stations between Honolulu and the 176th degree of longitude East (184th 

degree of longitude West) is +0.044 cm. By pure ocean stations those 
stations are understood, for which the gravity is not disturhed hy the 
immediate vicinity of coasts and islands. 

It should he stated here that a smal! excess of gravity might be expected 
on the oceans, when it is assumed that the earth's crust is in pure isostatic 
equilibrium, and if the potential planes of .the earth would be pure 
bodies of revolution when we take away the disturbances caused by the 
irregularities of the crust. Por from the distribution of mass present in 
the earth's crust in the case of perfect isostasy ensues that the potential 
plane at sea level. i.e . the geoid, lies somewhat higher in the continents 
than the spheroid of revolution which approximates it as cIosely as possible, 
and somewhat lower in the oceans. 

Por this difference 8 of spheroid and geoid the following formula may 
be easily derived, in which it is supposed that in horizontal direction the 
ocean has infinite extension. 

d=H 6.' 
g g 

in which H is the vertical distance between the centres of gravity of the 
ocean layer and of the compensating layer of ma ss under the bottom of 
the ocean; when the supposition of HAYFORD concerning the isostatic 
compensation is accepted, H is half the dep th of compensation; and in 
which 6 ' is the BOUGEUR reduction caused by the ocean, i.e. the attraction 

g 

exerted by an infinite layer, having a height equal to the dep th of the 
ocean, and a density equal to the difference of the normal density of the 
crust and of that of the water of the ocean. 
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This formula is also va lid for the continents and for other topographic 
deviations which have great horizontal extension. On assumption of an 
ocean dep th of 5000 meters and putting H = 50 km., it gives for the ocean: 

8 = 19 meters. 
A closer investigation will afterwards have to decide whether it may 

be considered permissible, to leave out of consideration the other oceans and 
continents in the calculation for a definite ocean. 

Por the time being this amount may, however, serve as basis for a first 
consideration. It is, indeed, in harmony with the computations carried out in 
an entirely different way, which have been made in connection with 
the results of the voyage of the K XIII at the Coast and Geodetic 
Survey at the order of BOWIE, who first drew the attent ion to this question. 
These show th at the geoid in the West Atlantic ocean at 320 47' 12" 
N.Lat. and 71 0 00' 00" W. Long. lies about 23 meters under the spheroid, 
and that it lies 6 meters above it in the Appalachian Mountains. Hence 
together a difference of 29 meters. 

Prom the difference discussed it ensues that the mean gravity reduced 
to the geoid on the continents must be smaller on the whole than on the 
oceans, and this by an amount which for the present may be estimated to 
be at most 0.006 cm. A more thorough computation, which takes the 
influence of these deviations between geoid and spheroid over the whole 
earth into account, will have to determine this amount more accurately. 

As the norm al formulae, with respect to which the anomalies have been 
computed, have been drawn up from the results of observations on the 
continent, a positive anomaly is to be expected on the oceans, which we 
believe to be at most +0.006 cm. The excess being greater, it may 
be concluded that gravity on the oceans does not perfectly correspond to 
one of the normal formulae used. 

Nor do the results correspond ,to a term of longitude of the kind as 
drawn up by HELMERT or HEISKANEN. It is, therefore, also excluded 
to think of an elliptic cross section of the deeper potential planes with a 
terrestrial crust which is in itself in isostatic equilibrium. It seems probable 
therefore that the earth's crust over large areas is not in perfect isostatic 
equilibrium, or expressed in other words that it presents regional isostatic 
anomalies 1 ) . 

Wh ether the potential planes would be planes of revolution, when we 
take away the irregularities of the earth's crust or whether they would 
present some flattening, cannot be concluded from the investigation of 
gravity, but th ere seems to be no reason now to assume a deviation from 
the circle. 

1) The masses causing these isostatie anomalies. give themse1ves also rise to a deviation 
of the geold. which generally speaking must have the same sign as the anomalies. The 
deviation of isostatic equilibrium is therefore in general still greater than is apparent Erom 
the anomalies. (In trans lating this note has been rectified according to a more caretui 
conslderatlon of the matter. 
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Of course this does not imply that when the gravity results found during 
th is voyage are expanded into series of spherical harmonies, it would 
not be possible that a term of longitude might appear, though it does 
not seem probable that, if so, it will be great; in this case also terms of 
longitude of higher order than the second will most likely appear. H, 
however, the condition is made for the normal formula of the gravity that 
when the anomaly of the gravity reduced to the spheroid of revolution and 
also reduced isostatieally, is zero, this must mean that the earth's crust is in 
isostatic equilibrium, there is no valid reason now to introduce a term of 
longitude into this normal formula . 

From this it does not ensue, of course, that the two principal moments of 
inertia of the earth round axes in the equatorial plane, must be equal. 
The results of this voyage will certainly be an inducement to set on foot a 
new calculation of this, whieh has a good chance to approach the true value 
more closely than was possible with the earlier material. because the stations 
of this voyage have a much more favourable situation. It is very weU 
possible that then a small difference will appear. 

However, as it has just appeared that deviations of the gravity occur over 
extensive areas, whieh at present make the impression of not being regularly 
distributed over the earth's surface, a perfectly accurate value for the 
difference of the moments of inertia can only be found through further 
investigations whieh determine this distribution more closely. A compa~ 
ratively small number of crossings of the ocean can, however, already do 
much in this respect. AIso the applieation of the equation of STOKES, whieh 
enables us to determine the form of the geoid, when the gravity is known 
over the whole earth, would then become feasible. 

Whether it must really be assumed th at the oceans present a positive 
deviation of the gravity with respect to the isostatie state of equilibrium in 
the regions mentioned, or wh ether the Ilormal formula should be changed, 
and the continents have a negative deviation, whereas the oceans show a 
normal value, or whether still other possibilities must be assumed as the most 
probable, may be left undecided here. It is also premature to try and find 
causes; this much can only be stated that these equilibrium deviations over 
such large areas must necessarily be attributed to forces, whieh are now 
active over large areas in the earth's crust, or whieh have been active in 
recent times; in whieh latter case the forces of internal friction are at 
present responsible for the disturbance of equilibrium. 

A further rem ark that may be made when the results for the Pacific 
Ocean are considered, is the parallelism between the course of the anomalies 
and the dep th of the sea. This is partieularly apparent for the sub marine 
ridges whieh were passed between Honolulu and Guam. 

The first ridge to the west of Honolulu, whieh is very extensive - its 
breadth is of the order of some thousand kilometers - does not occur on the 
charts. In general it may be said that the soundings have revealed a more 
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irregular bottom topography for the two oceans, both for the Atlantic and 
for the Pacific, than was known according to the charts. 

A more detailed discussion of the results of the gravity, for so far as they 
refer to the other points mentioned, may be postponed to a later occasion 
for the reasons mentioned before. 

The results found above the deeps, which were all crossed at about 
right angles to the trough direction, in order to get the profiles of gravity as 
clear as possible, make the impression that all of them are uncompensated, 
or at least for the greater part uncompensated. 

For the Porto-Rico deep there is a very great defect of gravity above 
the middle of the deep (station N0. 26: - 0.329 cm.) , and above the 
borders, wh ere a positive compensation mass lying under the deep would 
have to make itself feit by a surplus of attraction, th ere is no question of 
such a surplus : on the sea-side th ere is a slight excess, which , however, 
does not surpass the mean ocean excess; on the is land side, in Strait 
Mona, there is no excess worth mentioning. 

For the Nero deep to the east of Guam there has likewise been found 
a considerable defect of gravity above the deep (station N0. 92: 
- 0.234 cm.). On the ocean si de there is again no excess of any importance 
present above the border ; on the is land side, however , there is a very 
pronounced surplus (+ 0.220 cm.) , which also to the west of Guam at 
station N0. 95, where the depth of the sea has already the value of 
3610 meters, is pretty great, viz. + 0.062 cm. These results would suggest 
that the excess is not caused by a positive compensation ma ss under the 
deep, but is due to another cause. In my opinion there is here reason to 
think of a tangential pressure in the earth's crust. Also the excess of gravity, 
which continues to be found throughout the distance between Guam and the 
Philippine deep, would point in this direction. 

The values for the Yap deep ~stations Nos. 97-101), and those for 
the Philippine deep (stations Nos. 103-106) again give an analogous 
image: a defect above the middle of the deep, which is here, however, 
smaller, viz. - 0.146 cm. for the Yap deep and - 0.194 cm. for the 
very deep Philippine deep, and now on either side of the deeps an 
excess of gravity (for the Philippine deep on the west side station N0. 109 
gives e.g. only -0.022 cm. with a depth of the sea of 4870 meters, 
notwithstanding the coast effect th ere would have to give a very great 
defect when there would be perfect isostatic compensation) . The course of 
th is excess again does not make the impression th at it is caused by 
compensation masses lying under the deeps. 

Remarkable are here too the values for the stations Nos. 107 and 108 in 
the northern part of the Philippine Islands. Here the excess has almost 
vanished. Is this perhaps in connection with the fact that on the east side 
of th is part of the Philippine Islands there is no deep present? In this 
case the view that the excess of gravity in the region of the deep is in 
close connection with the deep formation, becomes still more probable. 
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Between Panama and San Francisco, where an examination of the course 
of the gravity above the continental border was on the programme, there 
were made a series of observations above the deep~sea, and further 
observations at four places above profiles about normal to the lines of 
equal dep th ; two of these profiles have been chosen at spots where there 
is a deep at the foot of the continental shelf. It may be expected th at in 
particular the series of profile observations will contribute to give us a 
clearer insight. 

It can be stated already now, that the observations obtained above the 
foot of the continent border, have yielded a considerably greater value of 
gravity than is compatible with an earth 's crust isostatically in equilibrium 
according to any of the current suppositions. 

Only a few brief remarks will be given here about the observations made 
in the East of the Malay Archipelago. The series of observations have been 
made above profiles crossing the double arc of Banda Islands; one was 
made during the voyage from the North to Banda (Nos. 111-115), and 
one from Banda via the centre of the arcs southward to the Sahulshelf 
( Nos. 117-123). Both these series present a remarkable result : 

Inside the inner arc a considerable surplus of gravity, but passing to the 
outside via the arcs a rapid decrease of this surplus, giving place to a very 
pronounced defect. Over the SahulsheH itself an excess is found again. 
The defects of gravity seem remarkable, as the earth's crust in this part 
of the archipelago might be supposed to be exposed to tangential pressures, 
which in general might lead us to expect an excess of gravity. 

That great anomalies should occur in this part of the earth's crust is for 
the rest in good harmony with the universally prevailing opinion that 
movements of the crust took place here in very recent times, and that they 
may even still be in progress. 

In conclusion it may be stated that the results of the voyage in general 
give a pretty clear image : they make the impression of being more regular 
than most results of the gravity obtained on the continents. This answers 
to what might be expected from observations on the ocean on two grounds : 
First the upper layers, immediately under the observer, are homogeneous ; 
disturbing masses in the earth's crust are farther distant from the observer. 
And secondly one of the most capricious causes deforming the earth's 
crust, the erosion, is eliminated here. 



Botany. - On the so~called traumatotropic curvatures of oat seedlings. 
By NANNY TENDELOO. (Communicated by Prof. F. A . F. C. 
WENT.) 

(Communicated at the meeting of June 25. 1927). 

According to DOLK (1926) an oat seedling forms a new physiological 
top about two and a half hours af ter decapitation. From this top growth~ 
accelerating substances move basipetally. These facts have not as yet been 
taken into account by those who investigated the curvatures induced by 
incision of the coleoptile. Another explanation of the so~called traumato~ 
tropic curvature may be given in connection with DOLK'S findings. In the 
experiments reported here I studied the relation between curvature and the 
formation of the new physiological top. 

I. Curvatures of decapitated seedlings. 

Etiolated oat seedlings about 35 to 50 millimeters long, were decapitated 
with a sharp blade about 5 millimeters below the apex. At the same time 
the primary leaf was pulled out of its sheath. Immediately after this 
operation an incision of 1800 was made about two millimeters below the 
cut surface. Within a period of two hours af ter the decapitation and 
further operations a few seedlings showed a feebIe positive curvature. 
These curvatures may be accounted for as follows: The decapitation 
removes the centre of formation of growth~accelerating substances. Only 
the substances still present in the stump move basipetally. At the intact 
si de nothing hampers the transport of the substance. This is obviously not 
the case at the wounded side. The humidity of the air being low. the cut 
surfaces shrivelled a little and a small gap was formed forming a sufficient 
obstac1e for any possible transport, the more so because the gap was quite 
dry. The insertion of a mica disc was therefore superfluous. Only the 
growth~accelerating sub stances present below the cut surface pass down~ 
wards in a norm al way (see WENT JR .. 1926). The positive curvature 
may therefore be explained by a slight excess of growth promoting 
substance at the intact side. Four hours after the incision the positive 
curvature has disappeared and a few plants show negative curvatures. This 
phenomenon occurred curiously enough only in such seedlings in which the 
incision was made too deep. passing beyond the centre of the coleoptile. 
In those cases the upper coleoptile~ring appeared in a slanting position and 
of ten broke oH entirely from its base. Especially in the latter case the plants 
showed astrong negative curvature. All plants in which the incision passed 
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exactly through the centre remained quite straight. When the primary 
leaf had not been removed, its growth pushed oH the upper coleoptile ring. 
In this case again a marked negative curvature ensued. 

Table I shows the reaction of a few plants in six consecutive hours. 

TABLE 1. 

Time straight + 

after 2 hours 37 7 0 

From these data it 

, ..... , 
I \ 

I \ 
I \ , \ 

, I 
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af----4 

Fig. 1. 

Qat seedling. The dotted line 
represents the top removed 
by incision; w = wound, 
b = coleoptile-ring above 
the wound, a = coleoptile
ring below the wound. 

.. 3 ., 39 4 

.. 4 .. 33 10 

.. 5 .. 24 3 17 

.. 6 .. 21 3 20 

appears that the growth at the wounded flank 
becomes stronger four hours af ter decapitation 
which already indicates the formation of a new 
physiological top at the cut surface. 

Proof of the formation of this top may be 
obtained by placing the coleoptile rings a (see 
figure 1) on newly decapitated seedlings. For 
specific curvatures of the seedlings should be a 
result of such a regeneration. Three hours af ter 
decapitation and wounding the tops were removed 
by completing the incision already made and 
placing the rings a th ree to four millimeters high 
by means of 10 % gelatin, on the new stump. Care 
must be taken to insure a good contact between 
ring and stump. The influence of atmospheric~ and 
soil~humidity was very apparent here. IE the 
atmospheric humidity is low the rings will dry out 
rather rapidly and a dry soil diminishes the 
reactivity of the plants. The experiments we re 
therefore carried out in a room with constant 
humidity (87 % ) and constant temperature 

(25 0 C.). 
The plants were controlled every hour and af ter three hours the side of 

the original wound became convex. The coleoptile ring therefore produced 
more growth~substance at the wounded side, caused by formation of a new 
physiological top at that side. The promptness of the curvature and its 
rapid development (within three hours) excluded the possibility of another 
cause. For an imperfect contact between ring and stump should also give 
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rise to a curvature because certain areas of the stump could regenerate a 
new top independently. The latter process, however should take much 
more time. The curvatures ensuing within three hours after the application 
of the ring were only taken into account. When the rings we re prepared 
already two hours after decapitation and wounding, no subsequent rapid 
curvatures were induced by placing these rings on new stumps. Here 
apparently the new physiological top has not yet been regenerated and 
the quantity of growth-accelerating sub stance remains the same at both 
flanks. Even five hours after the treatment of the new stumps no curvature 
could be observed. We wil! now investigate whether a new physiological 
top has been formed at the apex of the stump (ring b figure 1). In order 
to test out this fact I placed the ring b. three hours after incision on a 
new stump. 

It appeared that a curvature of the stump ensued, showing an accelera
tion of growth at the flank corresponding to the intact part of the 
coleoptile from which the ring was obtained. This lends to show that the 
regeneration of the physiological top had only taken place where a 
basipetal continuity was assured. Rings a and b therefore give curvatures 
in opposite directions which may be demonstrated clearly by placing them 
on two neighbouring seedlings. When the wound was applied at the 
right flank the rings a caused a convexity at the right flank of the new 
stump and the rings b caused a concavity of the right flank of the new 
stump (see figure 2). 

The experiments also show that the curvatures are not due to the 

Fig. 2 

wounding as rings a and b both contain the same wounded area. 
Decapitation and apical wounding only gives rise to a new physiological 

top there where a basal continl1ity is assl1red. 
This appearance of a top is therefore also the cause of the negative 

curvatures which occur four hours after wounding. 

11. Traumatotropic curvatures of normal. non-decapitated seedlings. 

Etiolated seedlings showastrong positive curvature already one hour 
af ter a one sided incision 6 to 7 millimeters below the apex. According 

to PAAL this is due to an interruption in the transport of growth-
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accelerating sub stance. Care was taken not to injure the leaf. The insertion 
of a mica disc was necessary here. If such a disc was not applied, the cut 
surfaces stuck together and the wound healed more or less. 

The cells at the cut surface are about as old as in the case of wounding 
after decapitation. The curvature of the non-decapitated seedling after 
wounding is very marked; a difference in length between the convex and 
concave flank became visible already af ter one hour. 

These positive curvatures were still more apparent af ter three hours. 
The curvature appears immediately below the wound and proceeds 

towards the base. Af ter four hours a straightening below the wound 
becomes visible. The positive curvature in this case remains visible over a 
much longer period than the curvature after decapitation. Table 11 shows 
the amount of curved and straight plants at various times af ter the wound 
had been applied. 

TABLE II. 

Time straight + 
af ter 1 hour 1 23 0 

" 2 hours 2 25 0 

" 3 " 3 21 0 

" 1 " 8 19 0 

" 5 " 10 11 3 

After 20-24 hours several plants are entirely straight especially the 
small ones (about 20 millimeters). It is doubtful whether these straightened 
plants are comparable to norm aI, unwounded plants. For the straightening 
and even convexity of the wounded flank may be due to the formation of 
new growth-promoting substances below the incision. What happens at this 
surface three to four hours after incision? This question has been studied 
by the methods mentioned above. 

Three hours after wounding the ring a (Fig. 1) below the incision was 
placed by means of 10 % gelatin on a new stump. In almost all stumps 
curvatures appeared, the convex flank of the stump situated directly below 
the originally cut surface. Figure 3 depicts these plants. Application of 
rings b on new stumps did not cause any curvature. No increase of .growth 
sub stance has therefore taken place above the wound. No accumulation of 
this substance above the wounded surface could be demonstrated. No 
physiological top is regenerated above the incision. The plants which were 
quite straight after 24 hours are therefore not comparable to normal intact 
seedlings. 

49 
Proceedings Royal Acad. Amsterdam. Vol. XXX. 
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It appears from the above that it is desirabIe to observe the plants in 
short intervals after the wound has been inflicted. For the regeneration of 

Fig. 3. 

the new physiological top may cause a transition from positive to negative 
curvatures. 

Curvatures which ensue af ter unilateral wounding have two causes : 
a. The curvatures which appear within the first three hours af ter 

incision are caused by the interruption in the transport of growth-promoting 
substances. 

b. The curvatures which appear th ree hours (and later) af ter incision, 
are caused by the formation of a new physiological top at the cut surface. 
The observed transition from positive to negative curvatures is due to the 
antagonistic action of factors a and b. 
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Chemistry. - Osmosis of ternary liquids. Genera! considerations. I. 
By F. A. H. SCHREINEMAKERS. 

(Communicated at the meeting of September 21. 1927). 

In previous communications 1) which will be continued, I have dis~ 
cussed some equilibria, which may occur in systems, in which one or 
more semipermeable membranes are present. As, however, membranes, 
which let some of the dissolved substance pass, and others not, are 
difficult to make in a serviceable state 2), now I have undertaken in col~ 
laboration with Mr. B. C. VAN BALEN WALT ER an experimental invest~ 
igation on the progress of the osmosis, if membranes are used, which 
are permeable for all substances. In order to facilitate the discussion of 
the results, which are sometimes very remarkable at first sight and in 
order to give some survey of that which is to be expected in this sphere, 
it is necessary to begin with some general considerations. As our ex~ 
perimental investigations, which will be published afterwards, relate to 
liquids, which consist of three substances, I shall limit myself in my 
considerations to these liquids. 

1. The theoretica! osmosis~path. 

We take a liquid L consisting of three substances, which we shall 
call X, Y and W; although it is not of the least importance for the 
further considerations, we shall say that W represents water; we may 
imagine arbitrarily to be the substances X and Ye.g. NaC! and Na2C03 
or sugar and ureum, etc. 

We represent the composition of this liquid L by: 

x quant. of X + y quant. of Y + (l-x- y) quant. of W 

in which we mean by "quantities" either quantities of weight or mol~ 
quantities. Of course in general it is indifferent in which of those 
"quantities" we express the composition; yet we shall see afterwards 
that in some cases we have to pay attention to it. 

We are able to represent the composition of a liquid in the weIl 

1) F. A. H. SCHREINEMAKERS. These Proceedings. 27, 701 and the 23 following 
communications. 

2) In his book "The osmotic pressure of Aqueous Solutions" K. N. MORSE describes 
a method of making membranes. which are permeable for water only. Although those 
membranes are quite fit for that purpose. we cannot use them, because they transmit the 
water toa sIowly. 

49* 
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known way graphically in a concentration~diagram; for this purpose we 
take a triangle. the anglepoints of which represent the substances X. Y 
and W; we choose this triangle equilateral or rectangular equilateral. 
In fig. 3 the sides W X and WY of a similar triangle are partly drawn. 

N ow we shall represent the osmotic system. which arises. if we bring 
in osmotic contact bij means of a membrane the liquids LI and L' I by: 

LI : L~ (1) 

If we wish to express also th at there are nl quantities of the liquid 
LI and n'l quantities of the liquid L'I. th en we represent it by: 

nl XLI: n'l X L~ (2) 

If the membrane is transmitting the three substances. then this system 
cannot be in equilibrium. unless both liquids have the same composition. I) 
Consequently the substances X. Y and W must diffuse through the 
membrane in some direction and this osmosis will continue as long as 
the liquids on both sides of the membrane get the same composition; 
we represent this final~liquid by Le . 

If we represent the composition of LI by: 

XI quant. of X + YI quant. of Y + (1 - XI - YI) quant. of W (2a
) 

and that of the liquid L' I by 

x~ quant. of X + Y~ quant. of Y + (1 - x; - Y;) quant. of W (2b) 

and that of the final~liquid by: 

Xe quant. of X + ye quant. of Y + (1 - Xe - Ye) quant. of W 

then we find easily: 

(3) 

Therefore the composition of the final~liquid Le does not only depend 
on the compositions of the liquids LI and L' I but also on the quantities 
nl and n'l which are present in system (2). 

We represent the liquids LI and L'l of system (2) in fig. 1 by the 
points 1 and I'. In order to save room the anglepoints of the sides of 
the concentration~triangle WXYare omitted in this figure. We represent 
the final liquid Le by a point e which is of course somewhere on the 
straight line 1. I'. The composition of the final~liquid e and therefore 
also the position of the point e depends on the ratio nl : n'l consequently 

I) If the three substances form a system. in which dimixtion into two Iiquids can occur. 
then system (2) can also he in equilibrium wh en LI and Lil are different . Then. however. 
LI and Lil represent two liquids. which can exist next to one another if we take away 
the membrane. 
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on the ratio of the quantities of the liquids on the left and on the right 
side of the membrane. The point e di vi des the line 1. I' into two 
parts e. 1 and e. I' the lengths of which are defined by: 

e . 1 : e. I' = n; : nl . (4) 

In order to pass into the final~liquid Le the liquid LI will go along apath. 
which starts from point 1 and finishes in point e; this path which we shall 
call the .. osmosis~path of the liquid L I " is represented in fig. 1 by curve 
1 . 2 . 3 .... e; the arrows indicate the direction in which the liquid 
trave1s along this path during the osmosis. The same is valid for the 

3 

I 

-
Fig. 1. 

" 

liquid L'I; its osmosis~path is 
indicated by curve 1'.2'.3' ... e. 
Those two osmosis~paths of 
the liquids farm tag ether the 
osmosis~path of system (2). 

Af ter same time the liquids 
LI and L'I of th is system will 
have changed their composi~ 
ti on ; e.g. the left has arrived 
at point 2 and the right in 
point 2'; we now c~ll those 
liquids L2 and L'2' As the 
quantities of the liquids on bath 

sides of the membrane change also during the osmosis. we represent 
them now by n2 and n'2' Consequently system (2) has passed into the 
system: 

(5) 

As the total quantity of bath liquids does not change during the 
osmosis. must be n2 + n'2 = nl + n'l. As also the total composition of 
the whole system remains constant. the line 2. 2' must also go through 
the point e. Instead of (4) we now have: 

e. 2 : e. 2' = n~ : n2 (6) 

Same time afterwards the liquids have arrived in the points 3 and 3'; 
we th en have ' the osmotic system: 

~X~:~X~ m 
For this is valid: 

n3 + n;= n2 + n~= nl +n;. 

Of course the line 3. 3' goes als 0 through the point e; we now have: 

e . 3 : e. 3' = n; : n3 . (8) 

Of course the same thing holds good also wh en the liquids are in 
other points of their paths. e.g. in 4 and 4'; of course the line 4.4' 
goes also through point e. 

We shall caU liquids which are present at a same moment on bath 
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sides of the membrane. as e. g. LI and L'l or L2 and L'2 etc . .,con
jugated liquids". The lines which unite two conjugated points. as 
e.g. 1. I' or 2. 2' etc. are called .,conjugation-lines". From the above 
now follows: 

the conjugation-lines of an osmosis-path all go through the point which 
represents the composition of the final-liquid; the ratio of the parts into 
which this point divides the conjugation-lines. is equal at any moment 
to the ratio of the quantities of the liquids which are present at that 
moment on both sides of the membrane. 

On the reverse: every straight line. going through the point e. which 
intersects the osmosis-path is a conjugation-line; as the points of . inter
section represent two liquids which will be present at a definite moment 
on both sides of the membrane. 

IE we draw tangents to the osmosis-path in two conjugated points e.g. 
in 1 and I' or 2 and 2' then we call them .. conjugated tangents"; if in 
the one path we drawachord e.g. 1.2 or 2.3 etc. and in the other 
pa th the corresponding chord e.g. 1'. 2' or 2' . 3' etc.. th en we call 
them "conjugated chords". Later we shall see how we can make use of 
the conjugated tangents and chords in order to deduce the directions 
and the ratios in wich the different substances diffuse through the mem
brane at definite moments. 

IE in the osmotic system (2) we take two definite liquids LI and L\ 
then the osmosis-path starts in fig. 1 from the points 1 en 1'; the form 
of the path. however. still depends on many factors; some of them are: 

a. the quantities nl and n\ of the liquids on both sides of the 
membrane; 

b. the membrane through which the osmosis takes place; 
c. the temperature and pressure. 
The influence of that mentioned sub a is evident; above we have 

indeed seen already that the position of point e depends on the ratio 
nl : n'l consequently on the ratio of the quantities of the liquids LI 
and L'I' 

H we take the same quantity of liquid on both si des of the membrane. 
50 that n1 = n'l th en as becomes apparent from (1) also e. 1 = e. 1'; 
th en the point e is situated. as in fig. 2. in the middle of the line 1 . 1'; 
then the osmosis-path can have a farm as curve 1 e 1'. 

H. however. we take more of the liquid LI 50 that nl > n'l. then 
follows from (1) that e. I' > e . 1 ; 50 the final-point e is situated nearer 
to point 1; it is represented in fig. 2 by point q. Consequently the 
osmosis-path must now have also another form; it is represented 
by 1 q I'. 

IE we take more of the liquid L'I 50 that nl < n'l th en follows that 
the final-point e must be situated nearer to point 1'; it is represented 
in fig. 2 by point r; the osmosis-path now can have a farm as curve 1rl'. 
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We shall afterwards discuss some examples of such paths. 
Of course for each of these paths is true that the conjugation~lines 

go through one point; these of pa th 1 q I' all go through point q; these 
of path 1 e I' through point e and these of path 1 r I' through point r. 

y 
I 

I 

, " W-----.......::::::Ii-.....-X 
Fig. 2. Fig. 3. 

We are also able to show that those paths must touch one another in 
their starting points 1 and 1'. 

The rate at which the different substances diffuse through the mem~ 
brane and consequently also the ratio in which this takes place at every 
moment, is also dependent on the nature of the membrane; therefore, 
this also defines the form of the osmosis~path. 

Let us take as example an osmotic system 

(9) 

in which L1 only contains the substances Wand Y and the liquid L'I 
only the sub stances Wand X. Then the liquid LI is represented in 
fig. 3 (in which the si des WX and WY of the concentration~triangle 
are only partly drawn) by a point 1 on the si de WY; the liquid I' is 
indicated by a point l' on the si de W X. As soon as the diffusion of 
the sub stances through the membrane has begun, each of the liquids 
contains three substances ; they are represented by points within the 
triangle. 

It now depends on the kind of membrane along which paths the 
liquids will tra vel ; in fig. 3 two osmosis~paths are drawn; we have 
defined them in the system: 

W = water X = Na2S206 Y = BaS206. 
Consequently the liquid LI contained: water + BaS206 and the 

liquid L'I: water + Na2S206. 
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2. The experimental osmosis~path. 

We shal! cal! the osmosis~path. discussed above. the "theoretical" 
osmosis~path of a system. In order to define this path experimental!y. we 
have to take away. however. now and th en a smal! quantity of the two 
Iiquids in order to analyse them. We shall show th at the system now 
no longer travels along the theoretical path. but along a path. more or 
less modified. which we shall call the "experimental" . 

We take two liquids LI and L' I the composition of which is known; 
if we bring nl quantities of LI on the one side and n' I quantities L' I 
on the other side of the membrane. then we have the osmotic system: 

(10) 

We represent the two Iiquids LI and r.; land the final~liquid Le in 
fig. 1 by the points 1. I' and e; as yet we eliminate the osmosis-path 
and its conjugation~lines from the figure. 

Af ter a certain time system (10) has passed into the still unknown 
system: 

(11) 

In order to leam the composition of the liquids we take away a small 
quantity of the Iiquids on both sides of the membrane and we determine 
their compositions; we represent it in fig. 1 by the points 2 and 2'; of 
course the conjugation~line passes through the point e. Ouring the osmosis 
the liquids have now gone along the theoretical path 1.2 and I'. 2'. 
of which. however. only the points 1. 2. I' and 2' are known. 

As we have taken away a Iittle of the Iiquids L 2 and L'2• we have 
no longer the system (11) which has arisen from (10) but a new system: 

(12) 

in which q2 and q'2 are the quap.tities taken away; consequently the 
systems (11) and (12) consist of the same liquids, but the quantities of 
those liquids are different. 

Above (cornp. fig. 2) we have seen al ready that the osmosis~path of 
a system depends not only on the composition of the two Iiquids. but 
also on the quantities which are present on both sides of the membrane. 
System (11) which. however. we have no more. would therefore travel 
along a path differing slightly from system (12) which we do have. 

Wh en system (12) has passed af ter some time into the system: 

(13) 

then we are able to ascertain again the composition of both the Iiquids; 
we imagine them to be represented by the points 3 and 3'. The Iiquids 
have travelled now along the paths 2. 3 and 2'. 3'; they are the theo~ 
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retica! paths of system (12) and. therefore. not those of the original 
system. Consequently the curves 1. 2 and 2. 3 are parts of several 
theoretica! paths; so their prolongations do not coincide. It follows. 
however. from our previous considerations that both paths touch one 
another in point 2. so that in this point not a discontinuous transition 
but a continuous transition takes p!ace. 

In the same way it follows that the theoretica! pa th 3. 4 is again 
somewhat different from the theoretica! path 2 . 3; etc. 

The difference between the two paths 1 . 2 and 2. 3 in the ' point 2 
depends on the difference. between the two ratios: 

(14) 

The !ess those ra ti os differ. the less also the paths 1 . 2 and 2. 3 
differ. H on both sides of the membrane we take away quantities q2 
and q'2 which are small with respect to the present quantities n2 and n'2 
th en the both ratios (14) are equa! approximately and the theoretical 
path 2. 3 is a!so equa! approximately to the theoretica! path 1 . 2. 

H on both sides of the membrane we take away an equal part of 
the liquids. then we have: 

q2 : q; = n2 n; 

both ratios (14) have now become equal and the paths. 1.2 and 2.3 
now form the same theoretical path. Consequently we may say: 

the experimental osmosis~path consists of a succession of parts of 
theoretical paths. which pass into one another in the points. experiment~ 
ally defined; this transition takes p!ace continuously. The less their ratio 
is changed when a small quantity of the liquids is taken away. the less 
those theoretica! paths differ from each other. 

Above we have seen that the conjugation~lines of a theoretica! path 
intersect one another all at the same point. consequently all conjugation~ 
lines of points of the path 1 . 2 with points of the path 1'.2' go through 
point e. All conjugation~!ines of points of the path 2. 3 with points of 
the path 2' . 3'. therefore. go also through a same point; this. however, 
is not the point e but another point. not indicated in the figure. on the 
!ine 2.2' which we shall call h. 

Previous!y we have seen that the position of point e on the line 2 . 2' 
is defined by: 

e . 2 : e. 2' = n; : n2 

The position of point h on the line 2.2' is defined by: 

h . 2 : h. 2' = (n; - q;) : (n2 - q2) 

This shows that the ratios. which define the difference in the position 
of the points e and hare the same as the ratios (14). which define the 
difference of the two theoretica! paths 1 . 2 and 2.3. Just as the theoret~ 
ical paths themselves. consequently a!so the points e and h will coincide 
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the more, the less we change their ratio on taking away a little of the 
liquids. 

It appears from the previous considerations that it is possible to 
define experimental paths, which practically coincide with the theoretica!. 
Por this reason we shall first start from the theoretical paths in our 
following considerations. 

(To be continued). 
Leiden, Lab. of inorganic chemistry. 



Genetics. - Heredity of mental faculties, By J. F. VAN BEMMELEN. 

(Communicated at the meeting of December 18, 1926) I). 

In his interesting book: "Mental and moral Heredity in Royalty", 
WOODS makes an attempt to estimate the proportionate influence of the 
three great causes that are believed to govern mental and moral development 
as weil as physical characteristics s.c. heredity, environment and free~will. 

As might be expected, the latter cause being of an "ultranatural 
character" proved to be unfit for scientific investigation, so th at only the 
two former causes remained to be outweighed against each other. Of these, 
hereditary predisposition was found to be far the most powerful causation, 
in fact to be the primary moving agency, the effects of which were only 
modified or counteracted in a superficial way by outward circumstances. 

In many cases the evidence adduced by the investigation of the ancestors 
of his objects proved so complete and was so convincing, that WOODS 
repeatedly could point out how the peculiarities in the offspring of a certain 
royal couple were in perfect harmony with what might have been predicted 
from the character of the parents. In two cases: that of the great CONDÉ 
and that of TURENNE, he even went so far as to state that they appear in 
the very place in the pedigree where they might have been expected 
(compare pag. 491, when he says: "the greatest of the grandchildren (of 
WILLIAM THE SILENT), TURENNE, occurs where he would most probably 
fall") . 

Notwithstanding this apparently brilliant result of his investigations, it 
seems to me that WOODS' rnethods are open to severe criticism. He applies 
a system of estimation or valuation, providing each of his study~objects 
with two gradings, one for intellect, the other for morals. His scale of 
gradation runs from 1 to la, and his denotation may be best understood 
by an example: CATHARINA OF RusslA is labelled 10 for intellect, 1 for 
morals, and moreover is marked with a black cross: indicating depraved~ 
ness, licentiousness, cruelty and other detestable aberrations of human 
nature. 

Now from a biological point of view - the only one that can be admitted 
in matters of heredity, as WOODS himself fully acknowledges, when he 
says: "History is really but a branch of biology" - this method is utterly 
unscientific. For mental qualities should be defined and measured according 
to their own special character exactly like corporal properties, th at is to 
say they are to be studied with no references whatever to their social merits 
or demerits, or to their appreciation by contemporaries or posterity. In 
biology, a moral standard is entirely out of place. Indeed the effect of a 

1) Dutch publications in "Verslag van de gewone vergadering" of September 1927, 
Section of Science, Royal Acad. Amsterdam, Vol. XXXVI. p. 787. 
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certain inborn quality or endowment, both on the welfare of the organism 
possessed by it and on that of its surroundings, can never be utilized as a 
standard for determining its biologica I nature or for measuring its grade. 

All phenomena of heredity depend on the presence or absence of innate 
factors, which can only be defined in accordance with their own specific 
constitution, not with the desirability or the danger of their influence. By a 
slight modification of circumstances (internal as weIl as external) one and 
the same hereditary property, occurring in different members of the same 
family, may assume diametrically opposed aspects: it may appear as a 
virtue in one of them, as a vice in a second, while in a third it may remain 
perfectly hidden, and yet all three are equally likely to transfer it to their 
offspring. 

This consideration moreover shows us the misleading effects of any 
attempt towards gradation or valuation of mental qualities. For this reason 
no mental endowments any more than somatic ones, should ever be 
characterized or classified according to the variabIe impression made by 
their different manifestations on the minds of contemplators. To give an 
example: it cannot reasonably be doubted th at JOHAN SEBASTIAN BACH 
belonged to a family, which in several succeeding generations produced an 
extraordinary number of musically endowed persons. It is equally well
known that all of his fourteen children were more or less gifted in this 
direction. But the words more or less make it evident, that there existed 
certain gradations in the amount of musicality of these different children, 
and in deed it would be difficult to understand how it could have been 
otherwise. For musicality can scarcely depend upon a single hereditary 
factor, or even on only a few and intimately correlated ones. This must 
form a serious obstacle against the application of Mendelian principles to 
such intricate cases of mental heredity. The same objection, according to 
my view, may be raised against almost every case of apparent segregation 
of these psychic qualities in human descent. The chance that a special 
giftedness for certain qualities should remain concealed for a certain period, 
and therefore escape notice, is so great, that it must exercise a very serious 
influence on the results of statistical investigations. 

I myself have witnessed the fact, that a medica I man with a large rural 
practice, nearly fourty years of age, quite accidentally became aware of 
his being gifted with a fine talent for the plastic arts. He had bought a 
box of plasticine for a christmas present to his children, and in showing 
them the use of this materiaI. he modelled the pet goat of the family in 
such a masterly way, that it was at once clear that he was greatly gifted 
as an artist. Had he ended his days without making this discovery, and 
had the hidden talent manifested itself in one or more of his offspring, this 
phenomenon might have been considered as a well-authenticated case of 
spontaneous variation. The misleading effect of this souree for mistakes 
becomes clearly apparent in one of the main conclusions of WOODS, where 
he contends that WILLlAM OF ORANGE, in contradistinction to his numerous 
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offspring female as weIl as male, was a novum. His own words are, p. 87 : 
"The father and mother of WILLlAM THE SILENT were both excellent 
characters, and the son doubtless inherited many good qualities from them, 
but neither the parents or other ancestors were in any way remarkable, so 
WII.L1AM THE SILENT must be considered a new variation (mutation or 
sport). Although he himself cannot be taken as an instance of heredity, all 
his descendants can". 

The utter improbability of this conclusion need not be pointed out. Every 
Dutchman moreover who knows anything of his national history, is at 
present in a position to show that WOODS , in this particular instance, is 
totally wrong. Exactly as in the case of GOETHE, the genius of the son can 
almost completely be explained as a higher differentiation of the great 
qualities of the mother, the difference between parent and child not arising 
from constitutional contrast but being mainly one of fame. It is only thanks 
to the lucky and quite accidental preservation of the correspondence of 
JULIANA VAN STOLBERG with her children (recently published) th at to-day 
we have an insight into the admirable and heroic character of this won
derful mother of WILLlAM THE SILENT, and know her to have been 
endowed with all the qualities of brain and heart, that brought her son 
immortal glory throughout the world. 

In the choice of the mental qualities, that can serve as tests in tracing 
the course of heredity, we should therefore take no notice whatever of 
public appreciation and prevailing opinions. We should by all means try 
to prevent ourselves from being influenced by moral conviction and 
traditions, and never agree with the popular explanation of a certain 
phenomenon, merely on the ground that it is generally believed to be right. 
Popular explanations and convictions are nearly always erroneous, just as 
in the case of bodily qualities and conditions. To cite an example: when 
in the succeeding generations of a family a majority of its masculine 
members choose the same career, say the military profession, this is 
commonly attributed to the influence of education and tradition or even 
moral pressure on the side of the parents. That it might with much more 
probability dep end on a hereditary predisposition of ten manifesting itself 
quite apart and unconnected with or even in plain conflict with the outward 
circumstances, is far from being generally recognized. Yet I am convinced 
th at the latter view is the right one, and th at it will be susceptible of proof 
in every case, provided two conditions to be fulfilled. The first condition 
is that the quality which is chosen as an object of investigation, must 
possess a well-marked special character, enabling it to be' distinguished 
from others near akin to it, under whatever outer appearance the said 
property manifests itself. 

The second condition is that all these different manifestations must be 
considered of equal value, without admitting even the slightest influence 
on our judgment from the si de of moral conviction, social tradition or 
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general approval, and what is even more important, without enquiring if 
the quality under discussion possesses a normal or abnormal. a physiolo
gical or a pathological character. 

The merits and the difficulties of a system of investigation, which keeps 
to the above-mentioned conditions, can best be illustrated in the case of 
hereditary talents. IE a series of generations of artists occurs showing a 
talent of the same nature, nobody doubts that this phenomenon can only 
be explained by the presence of a hereditary tendency for the art in 
question. The greatest painter or musician will never be able to raise his 
children to his level. if they are not specially gifted by birth in the same 
direction. On the other hand, we shall never be able to get a complete 
insight into the course of heredity, if we do not pay attention to all the 
descendants of a certain gifted ancestor, down to the least gifted among 
them. But this unavoidable necessity places us for the difficulty, that by 
extending our researches to the whole of the offspring, without any 
exception, we are encountered with a host of descendants that show the 
mental property in a mediocre degree not exceeding or not even reaching 
its average level among the majority of mankind. Most people are musical 
to a slight extent, and are ab Ie to draw a rough sketch of a simple object. 
But even so th is method may yield reliable results, if we succeed in 
specialising the character of a certain hereditary feature, by restricting our 
attention on certain details in its constitution. 

Of this kind of research, I wish to give two instances, both taken from 
my own family . In biological matters, the family- and christian names of 
course are without any significance whatever, and had better be altogether 
omitted. Wh en I mention the names of the members of my pedigree in a 
table at the end of this paper, I only do so to facilitate later controle, alld 
to enable fut ure generations to extend the list. 

The pedigree itself forms a so-called Parentela, which means a survey 
of all the descendants of a certain pair. The members of the parentela have 
been numbered in a continuous series, in connection with their places in the 
pedigree, but without paying attention to the date of their birth. 

The quality I. wish to discuss I should like to define as: "Tendency 
and fitness to administer instruction to people". From a genetic point of 
view, the tendency towards didactic occupation seems to me of still greater 
importance than the fitness for it. For th is latter may be handicapped or 
checked by numerous circumstances, inner as weil as external. and thereby 
sink to a level low enough to make its presence doubtful. On the other 
hand, the criterium which should be applied in deciding whether the quality 
under discussion is present or not in a certain person, should never be 
restricted to the question, if he or she had really been occupied in practical 
instruction or not. Ainong women especially there must be a very large 
percentage of cases where the natural tendency towards didactic occupatioD 
does not find an outlet for lack of opportunity, thus escaping notice. 
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The number of potential errors, resulting from this, may be reduced if 
we take into a.ccount, that the inbom tendency towards instruction may 
manifest itself in various other ways than the actual giving of lessons or 
other forms of practical teaching. Writing didactic works, or giving active 
support to public institutions for the promot~on or the distribution of know~ 
ledge, or - the reverse to some extent and yet the same - the private 
instruction and education of one's own children, are just as convincing 
proofs of the presence of the mental tendency in discussion. 

Nor need the idea "instruction" be restricted to what is usually conside~ 
red as the essential and characteristic object of it: imparting the know~ 
ledge of science and letters. It may as weil be extended to the occupations 
of the clergyman explaining the doctrines of religion, the musician, the 
draughtsman and even the artisan and skilled labourer, teaching their 
pupils the elements of their art or handicraft. But especially in these latter 
departments the ability for personal achievements must be strictly separated 
from the fitness and still more from the desire to impart their knowledge or 
art to others. 

In the course of my investigations, it became clear to me, that I might 
go even further, and include in it all tendencies to offer advice and to act 
as a mentor to one's fellow~creatures. Fitness for directorship, for com~ 
manding (in civil life as weil as in military service) for administering legaI. 
financialor commercial advice, may all be considered as manifestations of 
the same mental disposition. 

Yet 1 thought it advisable to keep the latter categories apart from the 
capacity for instruction proper. For th is reason I have compiled two 
columns in addition to those tabulating the fitness for instruction in its 
restricted sense, viz. one column for "Fitness for Directorship", and 
another for "Influencing public opinion". 

As for the grounds on which I feit justified to assign the positive mark 
in one or more of the five different categories of my list, to special members 
of the parentela, it would evidently be impossible and quite out of place to 
discuss them here for every case in particular. 

In the majority of instances, especially among the male members, the 
public office of the person in question, his publications or his social 
achievements, made the decision self~evident and reliable. Wh ere these 
direct proofs failed, my personal acquaintance with many of the younger 
members of the parentela of ten helped me in the choice. Yet 1 am fuUy 
conscious that I must have committed errors, but I am convinced that these 
more of ten consist in omissions, caused by ignorance of the real nature of 
the persons in question, than in false attribution of presumed qualities. As 
for partiality in my estimate, I can only say that I have done my utmost 
to keep my judgment as unbiassed as possible. 

Therefore I will now only set forth some general conclusions and special 
remarks, which seem to me deducible from the parentela as a whoie. 

In the first place it tells us in a very conclusive way, that parental 
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influence and family-tradition only play a very subordinate part in the 
choice of the career for the offspring. Mark e.g. the three sons (Nrs. 45. 
47. 48) of N0. 26. who lost their father very early. and were exclusive1y 
educated by their mother. who be10nged to a patrician merchant family. 
in which aptitude for instruction had not become apparent up to that time. 
and a didactic career was in no way predilected. 

Or in the other branch of the family tree the th ree daughters (Nrs. 95. 
96. 97) of NO. 59. who returned to the practice of teaching. though the 
vocation of following this career had long since disappeared. if ever they 
and their ancestors had consciously been aware that it existed in the family. 

Similarly the son (N0. 122) and the eldest daughter (N0. 123) of 
N0. 79 both took up giving lessons at a time when they themselves we re 
still students. They did that of their own free will. with no animation 
whatever from the si de of their parents. who indeed were surprised at their 
success in teaching. 

Among the children of N0. 84. the younger brother of N0. 79. the same 
phenomenon showed itself in a somewhat modified way. The e1dest son 
(No. 128) and daughter (No. 129) first went in for drawing and painting. 
but though they proved to be gifted as artists. and even produced some 
remarkable works in that way. they both of their own free will abandoned 
the idea of an artistic career and took up e1ementary teaching. for which 
they both turned out to be especially fit. 

But the most convincing case according to my view is that of N0. 92. 
a man crippled in his youth - I presume by the same hereditary disposition 
that caused the death of so many of his uncles and aunts at an early age 
- and who remained unmarried. 

He started coaching his fellow-students while he himself had not yet 
finished his legal studies. and continued this successful occupation till far 
advanced in lik besides teaching his favourite subjects at several high
schools. Even when his health began to fail. and all his friends advised 
him to retire from a task which he evidently was no longer equal t~. he 
could not decide to yie1d to the unevitable. and kept to his duties until four 
days before his death. 

In a third branch of the parentela. formed by the issue of N0. 22. a very 
interesting case occurs of what might be called reawakening of a latent 
faculty. This N0. 22 had five sons (N0. 35 to 39), one of whom only 
(No. 35) may be counted among the persons directly interested in didactic 
work. as he became a clergyman. Yet the rest of them. in their manifold 
occupations. all showed a tendency - and greater or lesser ability - for 
giving direction to other men. 

The next generation (N 0. 66 to 77) besides th ree women. counted nine 
men. of wh om no less than eight followed a military career. while only 
one became a clergyman like his father. Without any doubt this sudden 
predominance of the military element may be mainly attributed to 
straightened financial circumstances of the parents. Moreover. as the 
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occupations of a military commander mainly con sist of directing others, 
these eight men all fit in very satisfactorily with our scheme. But in the 
following filiation (N0. 104-121), counting eighteen members, eight males 
and ten females, the number of military officers decreased to two. Now 
one of these N0. 114, in the prime of his manly age, was forced to retire 
from military service by an accident. Though already father of a family, 
he turned to academica I studies, and in a remarkably short time passed all 
his examinations for the medical degree, and intended to become a 
practitioner. That howeve~ his real vocation lay in the ,direction of didactic 
work, had already become so clearly apparent, that he was appointed a 
University professor only a few years after taking his doctor's degree. 
Moreover it was proved by the fact, that he became the author of several 
learned treatises, and a great number of popular articles. 

As already mentioned, I wish, in connection with my subject, to avoid 
even the appearance of an application of Mendelian principles about 
segregation of features. Therefore I have given up my original plan of 
arranging all the members of the parentela in the well-known schematic 
table with black and white sex-marks, indicating the presence or absence 
of the property in discussion. Had I do ne so however, a glance at the table 
would have taught the reader that though the faculty in question had in 
fact been apparent in an unbroken succes sion of five generations, this had 
only occurred in one single branch of the parentela. This particular line 
may be summarised as follows : 

TABLE A . 

Parentation No. 1 cf (?) Decorator of Delft-pottery. 

I Filiation No. 2 cf (7) 

II Filiation No. 14 l Headmaster of a boardingschoo\, author of many treatises for 
elementary instruction. 

III Filiation No. 26 : Doctor of letters, headmaster at a Grammar-school (Dutch gymnasium) 
(N.B. died young), 

IV Filiation No. 47 .l Doctor of chemistry, headmaster of a secondary schoo\, I UIiiversity professor, author. 

~ I. I. I 
V Filiation No. 79 : No. 80 + No. 81 + No. 84 l 

Doctor of 
Zoology Teacher 

of sec. school. 

Student of mathe
matics Elemen
tary teaching 

Authoress Doctor ofphysics. 
Director Meteoro
logical Observa
tory. University 
lecturer. Author. 
(talent f. drawing). 

University 
professor, Author. 
(talent f. drawing). 

VI Filiation I 
I 

No. 122 : 

Doctor of law 
secondary 

teacher. Author, 
(talent for 
drawing). 

I 
No. 123 ~ 

I 
No. 128 I 

Student of music. Elementary 
elementary teaching Author. 

teaching (talent for 
drawing and 

painting). 

Proceedings Royal Acad. Amsterdam. Vol. XXX. 

I 
I 

No. 129 ~ 
Elementary 

teaching. 
(talent f. drawing 

and painting). 

t 
No. 130 l' 

Doctor of geology 
assistant-lecturer 
Technical High
school. Author. 

50 



776 

It should be expressly remarked th at neither this tabIe, nor the other two 
given below, can be considered as Mendelian schemata in the strict sense 
of the word, as they nowhere contain both the parents or their complete 
offspring, but only those members of the pedigree that either showed the 
property under discus sion themselves, or transmitted it to their descendants. 

When dealing with simple soma tic hereditary features , such an uninter
rupted recurrence of the same quality would undoubtedly be considered 
as a proof that the feature in question possessed the character of a 
dominant. But in our parentela the mental disposition under discussion 
appears likewise in several other lines of descent, only here it does not 
show itself in a continuous sequence, but with intervals of one or more 
filiations , in which the faculty was apparently absent. This may be seen 
from the following two examples. 

TABLE B. 

1 Ó (7) DecoratoT of Delft-pottery 

2 Ó (7) 

Parentation No. 

I Filiation No. 

n FiliatIon No. 14 /' Headmaster of a boardingschool, author of many treatises for 
elementary instruction. 

22 SJ (7) 

36 Ó (1) Industrial director, station-master. 

III FIliation No. 

IV Filiation No. 

V Filiation No. 75 : (1) Army-officer, instructor at military school. 

VI Filiation No. 113 /' Army-officer, afterwards doctor of medicine, university-professor, 
author. 

So here the 3d , 4th, and perhaps the 5th generation are overlapped. 

TABLE C. 

Parentation No. 1 Ó (1) Decorator of Delft-pottery. 

I Filiation No. 2 Ó (1) 

n Filiation No. 16 /' (brother of No. 14) lecturer at technical high-school, author. 

III Filiation No. 30 : Doctor of medicine, physician, lecturer medical school, director 

IV Filiation of a library. 

I 
No. 59 r:! 
Merchant, 

Banker 

V Filiation I 
I. I. I. 

No. 95 + No. 96 + No. 97 + 
Boardingschool (teaching and 

directing) 

VI FiliatIon 

I I 
No. 99 r:! No.lOl/, (1) 

Merchant 

No. 146'+ 
Elementary 

teaching 

Naval officer, 
Bank-director, 

(Author) 

I 
I I 

No. 149 SJ (1) 150 SJ (1) 

I 
No. 58 SJ 

No. 92 /' 

Doctor juris, Teacher 
high-sch.,Tutor of stud. 

(no issue) 

I I I 
151'+ 152 r:! (1) 153 SJ (1) 

Element. Naval Stud. 
teaching olf. of law 
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Here only the IV Filiation gives no case of positive evidence, In the 
different faUs however where apparently aparent destitute of the 
property gave rise to offspring provided with it, I presume that the 
difference between table A and the tables Band C, however striking, is 
in fact more apparent than real, as the peculiarity in question may have 
been present in aU the included members of the parentela, but may have 
remained dormant in some of them, being subdued either by outer circum~ 
stances or by lack of stimulating reinforcement on the side of the partner 
in the marriage. 

The inclination for instrQction, in whatever form it shows itself, may be 
considered a special manifestation of the general parental instinct for the 
education of their offspring, which man has in common with the majority 
of animals. It is only the somewhat heightened tendency and thc wider 
extension of this instinct, which form the remarkable features in the 
parentela in question. These features become all the more prominent, when 
we remark that among this rather numerous congregation of consan~ 
guineous persons of both sexes, which counts such a high percentage of 
members devoted to one and the same kind of mental occupation, (and, it 
should never be forgotten, without the least indication of a family~tradition 
or other influence of the surroundings), there occurs in the higher 
generations only one single physician (N0. 30). Now even th is man, who 
had a large and successful townpractice, found leasure to teach anatomy 
at the clinical school then existing in his native town, and to administer a 
scientific library of a public institute. 

It was only after I had remarked with surprise the striking scarcity ot 
medical men among the numerous persons with a university training in the 
parentela, that I remembered how I myself af ter having finished my 
university studies in natura I history, had attempted to take up the study of 
medicine, but had soon abandoned that line of study from want of interest. 

Something similar had happened to my father, who entered the university 
as a medical student. but soon turned to the study of chemistry, to which 
he devoted his whole further life. 

Seen in this light, the fact becomes of interest, that also N0. 59, the son 
of the above~mentioned practitioner, had the intention to foUow his father's 
career, but soon turned to other occupations, for mere dislike of the duties 
of a medical man. And the same has happened again with N0. 161. the 
only one of the sons of N0. 59, who, though he never took up teaching as 
a profession, yet showed a marked ability for exercising a didactic 
influence on society in genera!. 

From this course of events in three succeeding generations, it may be 
fairly concluded, that the choice of social occupation is far more the 
consequence of inborn qualities than of family~tradition or mere chance. 

Tabulating the conclusions from the Parentela as a whoIe, we arrive at 
the following numerical results : 

50* 
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Total number of descendants 232 
Unfit for consideration on account of early death , youthfulness, men-

tal aberrations or by lack of informations about their mental qualities 95 

Remaining for investigation 
Males 
Females 

Positive mark attributed to 
Males 
Females 

66 
71 

51 
24 

Distribution of these 75 persons over the different categories : 

137 

75 

Instruction Direction Study Authorship Influencing pub!. opin. Tota\s 

32 30 60 17 13 152 

males 

females 

19 27 39 14 12 111 

13 3 21 3 41 

So on an average the same person entered into two of these five 
categories. 

By an unsought-for coincidence I obtained the occasion to compare the 
phenomena of mental heredity in the Parentela VAN BEMMELEN-BLANS 
with the corresponding data in another sequence of descendants. In order 
to investigate the course of facial resemblance, I studied the en ti re offspring 
of a pair of consorts living about the same time (sc. the middle of the 
eighteenth century) as did ALBERTUS VAN BEMMELEN and his wife 
JOHANNA BLANS. This second pair were FLORENTlUS CAMPER FLORENTIUSF. 
and SARA GEERTRUIDA KETTING, the parents of the famous Anatomist and 
Anthropologist PETRUS CAMPER. Iintend to publishthe results of this 
investigation in another paper, but here I only wish to give the number of 
persons who devoted themselves to scientific study and to teaching. 
Total number of descendants 174 
As yet too young to be taken into account 

Persons studied 
Died early 

Remain 
Males 
Females 

Of these 112 the positive mark could be assigned to 
Males 
Females 

42 

132 
20 

_ ._-
112 

63 
49 

40 
35 

5 
But among these forty only ten were marked for didactic talents, while 

the number for study in general was no less than 33. 

The second mental gift that I believe can be traced in part of the 
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succeeding generations of the parentela, is one of the artistic endowment, 
and this has a much more restricted range. It is a very amateurish and 
dilettante ability for drawing in black and white, without any tendency to 
using colours, which shows itself in quite the same manner and in an 
equally restricted grade in two brothers N0. 79 and 84, whose three sisters 
(80, 81. 82) did not possess it in the least, while for the third brother 
(N0. 83) who died long ago in adolescence, the question can no longer 
be solved. 

The special character of this faculty, which could hardly be called a 
talent, lies in the choice of the subject, which is exclusively the human face, 
drawn with the purpose of obtaining as faithful a likeness as possible. A 
second characteristic is the close resemblance between the drawings as far 
as the manner of execution is concerned, reminding one of the marked 
correspondence in hand-writing that so often exists between blood-relations. 

With re gard to heredity the most remarkable feature of this tendency to 
draw faces is, that it returns in some of the children of these two brothers, 
namely in the only son of N0. 79 (N0. 122) and in one of the sons 
(No. 129) and one of the daughters (N0. 130) of N0. 84. In the last two 
however the faculty appears decidedly as a talent, which may possibly be 
explained by a hereditary influence from the side of the mother (N0. 84a). 

Now neither the father (N0. 47) nor the mother (N0. 47a) of these two 
brothers showed any natural talent for drawing, or any similar artistic 
faculty, and no more was this the case with the four grandparents. It is 
only in the third parentation of the aforesaid brothers that a well-marked 
case of a similar but far greater aptitude for the drawing of the human 
face , combined with a very poor sense of colour, shows itself in the brother 
of the second wife (N0. 14b) of N0. 14. This man was called DANIEL 
PIERRE GIOTTINO HUMBERT DE SUPERVILLE, who in his time was fairly 
weil known as an artist, especially as a draughtsman. The same faculty 
appeared to a les ser degree in his brother JEAN, a military engineer, who, 
while building the fortifications of TUNIS, surveyed and mapped out the 
ruins of Carthago, in his leasure hours. Of the sister herself no proof exists 
that she had any talent for drawing. 

The father of these two talented brothers was JEAN HUMBERT DE 
SUPERVILLE, a portrait painter of some renown, few of whose portrait
paintings have come down to us. They show that he must have been a 
clever draughtsman with but little sense for colour. 

With the HUMBERT DE SUPERVILLE'S we have passed the limits of the 
parentela, and consequently lost the contact with its other divisions, con
taining the descendants of N0. 16, the brother of the husband of ANNA 
FRANÇOISE HUMBERT DE S., and of N0. 22 and N0. 25, the daughters of 
NO. 14, from his first marriage with N0. 14a. As far as I know,no marked 
case of talent for drawing human faces appears in these parts. This 
contrast between the two branches of the parentela might possibly furnish 
another argument for attributing the origin of the ability for drawing to 



780 

the influence of the HUMBERT family. Unfortunately both DANIEL and his 
brother lost their only child before these had an opportunity of showing 
that they possessed an artistic gift of any kind. 

In the older generations the names HUMBERT and DE SUPERVILLE pass 
over to different families, but neither in the one nor the other do we meet 
draughtsmen. 

We need not however consider this as a proof, that the talent started as 
a new variation in the person of JEAN HUMBERT the pa inter. For when we 
take into consideration that from this man, that ranks alongside with the 
members of the first generation of the Parentela, down to his two 
descendants N0. 79 and 84 in the fifth, there is an interval of three 
generations, in which we do not meet with the slightest trace of a talent 
for drawing, ex cept in the two side~lines of DANIEL and his brother, the 
children of both of whom died at an early age, we need not be astonished 
if we cannot retrace it among still older generations of which we possess 
very scanty data. 

Had our forefathers left us documentary evidence of the mental and 
bodily peculiarities of their offspring, instead of leaving us a set of names 
dates and titles, we would see more clearly the reason for the repeated 
occurrence of hereditary properties and features in succeeding filiations, 
and in that way get a better insight into the predisposition for certain 
faculties in our own descendants. 

As to general conclusions which might be drawn from special obser~ 
vations like those mentioned in this paper, I think it would as yet be 
premature to try to frame them. Bio~genealogy is a very young branch of 
science, and should for the present restrict itself to the collection and 
critical examination of the immense material afforded by the life~history of 
the human race. This task in itself is overwhelming, and can only be 
achieved by careful organising the system of investigation. The various 
aspects of the subject: the physical and the psychic properties of 
mankind, must be taken up by different observers, who co~operate by 
way of distribution of labour. 

Before finishing , I should like to make a few remarks on the character 
of the genealogical unit which I call aparentela, and its value for the 
science of genetics. It need not be pointed out, that in the majority of cases 
the differentiation amongst its members will increase with every succeeding 
filiation. This is caused for the greater part by the continual in flux of 
foreign blood as a consequence of marriages with partners not belonging 
to the parentela. This progressive differentiation must needs cause the 
false impression that the influence of the "parents" of the parentela 
gradually decreases, or, stating it in other words, that the quality 
of the hereditary properties, introduced by the parental pair, changes in 
course of time, either for the good or for the bad. That this impression 
must be false, is conclusively shown by the laws of MENDEL, which have 
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taught us the constant and unalterable nature of the factors, which are 
the bearers of the hereditary properties. But the impression I mentioned is 
so strong that we are constantly led astray by it. The force of this 
misleading conception of heredity becomes c1earest to us when we mark 
the röle it played in the views of former students of genetics, as yet 
unacquainted with the doctrine of MENDEL. 

GAL TON'S system e.g., which he applies everywhere in his Hereditary 
Genius, is entirely based on the gradual incretion and diminution of mental 
endowment, the first culminating in real genius, the latter leading in a 
downward direction to the level of mediocrity. On page 83 he gives the 
well-known table for the "Percentage of Eminent Men in each Degree of 
Kinship to the most gifted Member of distinguished Families", which 
should show us that for a hundred of these rea I genius es the number of 
eminent men among their fathers was 26, among their brothers 23, their 
sons 36, while for the grandfathers, unc1es and grands ons these numbers 
diminished to 7.5, 4.5, and 9.5. GAL TON remarks with regard to this result : 
"The table shows in the most unmistakable manner the enormous odds that 
a near kinsman has over one that is remote, in the chance of inheriting 
ability. Speaking roughly, the percentages are quartered in each successive 
remove, whether by descent or collaterally. Thus in the first degree of 
kinship the percentage is about 28, in the second about 7, in the third I~Ç. 

GAL TON'S conception of the influence of foreign blood, entering the 
parentela, may be c1early understood from what he adds to the above
cited conclusion : 

"The table also testifies to another fact, in which people do not com
monly believe. It shows that when we regard the averages of many 
instances, the frequent sports of nature in producing prodigies must be 
regarded as apparent and not rea!. Ability, in the long run, does not 
suddenly start into existence and disappear with equal abruptness, 
but rather, it rises in a gradual and regular curve out of the ordinary 
level of family life. The statistics show that there is a regular average 
increase of ability in the generations that precede its culmination, and 
as regular a decrease in those that succeed it. In the first case the 
marriages have been consentient to its production in the latter they have 
been incapable of preserving it 1) ". 

"After three successive dilutions of the blood, the descendants of the 
Judges appear incapable of rising to eminence. These results are not 
surprising even when compared with the far greater length of kinship 
through which features or diseases may be transmitted". 

"Ability must be based on a triple footing, every leg of which has to be 
firmly planted. In order that a man should inherit ability in the concrete, 
he must inherit three qualities that are separate and independent of one 
another 1): he must inherit capacity, zeal. and vigour; for unless these 

I) The italics are mine, 
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19 I II 8 & 8a I VAN EEMMELEN Pieter III 1778 1814 BROEKMAN, 19a clergyman + + 
Johanna Elisabeth 

20 I II 8 & 8a I VAN BEMMELEN Abraham IV 1779 1842 HUMBERT. 20a 32-34 clergyman + +1+ 
Aletta Jacoba 

21 III 14 & Ha VAN BEMMELEN Jacoba 1784 1790 

22 III 14 & Ha VAN BEMMELEN Antoinette Jacoba 1786 1820 I VAN LEEUWEN. 122a I 35-39 
Frans 

23 III 14 & Ha VAN BEMMELEN 1788 1790 

24 III 14 & Ha VAN BEMMELEN 1791 

25 III 14 & Ha VAN BEMMELEN Johanna Jacoba 1794 1832/1 VAN DER VALK. 25a 40-41 
40 Harmannes 

26 III 14 & 14b VAN BEMMELEN Jan Frans 1803 1830 DE KEMPENAER. 26a 45-481 headmaster of 1 + 1 + 1 + 1 + 
Antoinette Adriana second. grammar-

schooi 
27 III 14 & 14b VAN BEMMELEN Anna Françoise 1804 1838 SERRURIER 27a 49-54 

Daniel 
28 III 14 & 14b VAN BEMMELEN Frans Anton 1805/6 1840 RIVEAUX. 28a 

Cornelia 
29 III 14 & 14b VAN BEMMELEN Annette Françoise 1807 1869 / 

70 
30 III 16 & 16a VAN BEMMELEN Jacobus Albertus 1792 1853 1 BEGRAM.Henriette 30a 55-65 med. dr. pract. 1 + 1 + 1 + 1 + 

Cordula Catharina lecturer clinical 

31 III 16 & 16a VAN BEMMELEN Johannes Cornelis 1796 1824 
school. librarian I 
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32 III 20 & 20a VAN BEMMELEN Jacoba Maria 1807 1850 

33 III 20 & 20a VAN BEMMELEN Emilie Christine 1808 1853 

34 III 20 & 20a VAN BEMMELEN Abraham 1810 1845
1 

student. theo!. 1+ 
Leonard afterwards 

1876[10. BREDERO. 35a 66-69 revenue-officer 
35 IV 22a& 22 I VAN LEEUWEN Paulus Theod. 1808 clergyman 1+1 1+ 

Marius Cornelia Adriana 
20. FISCHER. 35b 70-71 

Wilhelmina 

36 IV 22a& 221 VAN LEEUWEN Johannes 11814 118981 Mos. Hendrica 36a 72-76 factory-owner 1 I: Jacobus Lucretia aft. station-master 
37 IV 22a& 22 VAN LEEUWEN Daniël Marius 1815 1895 BATENBURG. Her- 37a captain merchant-

manna Wilhelmina ship. aft. manager 
Dorothea of brick-works 

38 IV 22a& 22 VAN LEEUWEN Ewoud Marius I 1817 1878 VAN PELT. Anna 38a 
Cornelia 

77 lawyer. banker 1 1+1+ 
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39 IV 22a& 22 VAN LEEUWEN François 1819 18 .... banker 
Antoine 

40 IV 25a& 25 VAN DER VALK Maria 1818 1879 
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Anthony Georgine Mus. N. H. Direct. 
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50 IV 27a & 27 SERRURIER Elisa 1830 18 .... governess 
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-
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57 IV 30 & 30a VAN 8EMMELEN Hendrik lacob 18~1 18i5 1 artiLLery lieUt. 1+1+ 
(Henri) 

58 IV 30 & 30a VAN BEMMELEN Dorothea 1823 1908 VON BAUMHAUER. 58a 90- 93 
Wilhelmina Theod. Karl Matthieu 

59 IV 30 & 30a VAN BEMMELEN Jan Cornelis 1824 1915 ROLAND HOLST. 59a 94-1031 merchant. dir . 1+ 
Catharina Agatha Insurance Cy 

60 IV 30 & 30a VAN BEMMELEN Henriette 1826 1873 
Jacqueline 

61 IV 30 & 30a VAN BEMMELEN Abraham 1827 1830 
Theodoor 

62 IV 30 & 30a VAN BEMMELEN Cordula Judith 1829 1830 

63 IV 30 & 30a VAN BEMMELEN Jeanne Madeleine 1830 I 1832 

64 IV 30 & 30a VAN BEMMELEN Willem Lodewijk 1833 1856 

65 IV 30 & 30a VAN BEMMELEN Jacobus Albertus 1834 1875 
1 

horticulturist + 
66 V 35 & 35a VAN LEEUWEN Frans 1834 1904 BLOM. Johanna 66a 104-107 clergyman + +1 1+ 
67 V 35 & 35a VAN LEEUWEN Cornelis 18?i milit. officer + 
68 V 35 & 35a VAN LEEUWEN Cornelia Adriana 1843 1878 DE KANT~R. 68a 108 

Hendrik MachIi-
nus Anthony 

69 V 35 & 35a VAN LEEUWEN Anna 

70 V 35 & 35b VAN LEEUWEN Paulus Theo- 1883 I planter (7) 

I 1+
1 

'1 
dorus Marius 00 

71 V 35 & 351 VAN LEEUWEN Johan 1922 BUN ING. Clara 71a 109-IIOf milit . offieer 
U1 

72 V 36 & 36, VAN LEEUWEN Antoinette 18i6 1895 
Catharina 

73 V 36 & 36ë'. VAN LEEUWEN Frans Willem 1847 1871 milit. officer + 
7i V 36 & 36a VAN LEEUWEN Arnoldus 1849 STERN. Anna ?ia lil milit. officer + 
75 V 36 & 36a VAN LEEUWEN Daniel Marius 1850 1906 VAN HOYTEMA.Alida 75a 112-116 milit. offieer + +1 1 1+ 

Maria Catharina 

76 V 36 & 36a VAN LEEUWEN Johannes 1854 1904 VAN DRIEL. 76a 117-118 milit. offieer + 
Jacobus PetronelIa 

77 V 38 & 38a VAN LEEUWEN Frans 18H 10. PELTZER. Mary 77a 119-120 mil. medical officer +1+ 
L. C.C. E. C. 

78 V 43 & 43a VAN DER VALK Johanna Jacoba 1822 ID. BUSCHMAN ... 121 
0 ••••••• 0 ••••••• 

79 V i7 & 47a VAN BEMMELEN Johan Frans 1859 PAULUS. Adriana 79a 122-1241 dr. zoöl., univ. 1+ 1 + 1 + 1 + I -I-
Jacoba professor 
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80 V 47 & 47a VAN BEMMELEN Jenny Jacoba 1861 1913 graduateinmathe-

matics. teacher 
81 V 47 & 47a VAN BEMMELEN Anna Françoise 1861 1926 

82 V 47 & 47a VAN BEMMELEN Jacoba Maria 1874 1904 
10. RAPPARD. 82a 125-126 

Joan Machiel 
20. VON LIEBEHERR. 82b 127 

Ulrich Bogislav 

83 V 47 & 47a VAN BEMMELEN Karel Anton 1867 1892 agriculturist 

84 V 47 & 47a VAN BEMMELEN Willem 1868 DE JONGH. Soetje 84a 128-132 Dr.ofphysics.Dir. 

1 85a 
met. obs., Uni ver-

85 V 48 & 51 VAN BEMMELEN Antoinette 1859 OP TEN NOORT. 133-134 sity-lecturer 
Jeanne Florent Sophius 

86 V 48 & SI VAN BEMMELEN Elisabeth 1861 PIEPERS. Willem 86a 
Daniele Abrah. Marin. 

87 V 48 & 51 VAN BEMMELEN Catharina 1865 REUVENS. Louis 87a 135 
Wilhelmina Caspar 

88 V 52a& 52 SCHEPPER Daniel 1871 NUNES. Elisabeth 88a 136-137 

89 V 52a& 52 SCHEPPER Louise 
Josephine Emilie 

1874 LOHMANN . . . . . 89a 

90 V 58a& 58 VON BAUMHAUER Apollonia 1852 CAMPERT. Jan 90a 138-141 

91 V 58a& 58 VON BAUMHAUER Henriette Jacoba 1855 1924 
ID. PENNINK. Math. 91a 

Mar. Wilt. 
20. FABIUS. Elias 9lb 

92 V 58a& 58 VON BAUMHAUER Pa ui Matthieu 1859 1920 Dr. of law. tutor 
of students 

93 V 58a& 58 VON BAUMHAUER Odilia Emilia 1861 1899 hospital nurse 

94 V 59 & 59a VAN BEMMELEN Henriette Cor- 1850 VANWI)NGAARDEN 94a 142-144 
dula Catharina 

95 V 59 & 59a VAN BEMMELEN Catharina 1852 boarding school-
Agatha proprietor 
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96 V 59 & 59a I VAN BEMMELEN IJacoba Gerardina 1854 

I I 

I boar~ing SChOOI-I + I + I + Albertina propnetor.teacher 
97 V 59 & 59a VAN BEMMELEN Wilhelmine 1856 id. Id. + + + 

Louise 
98 V 59 & 59a VAN BEMMELEN Johanna 1858 1858 

Cornelia 
99 V 59 & 59a VAN BEMMELEN Jan Cornelis 1859 WENTHOLT. 99a 145-148 merchant. Dir. 1 1+ 

Alida Maria Insurance Cy 
100 V 59 & 59a VAN BEMMELEN Adriana Saapke 1861 1862 

lOl V 59 & 59a VAN BEMMELEN Henri Marie 1863 GUÉPIN. IOla 149-153 naval officer. Dir.1 1+ 1+1 1 + 
Maria Anna Insurance Cy 

102 V 59 & 59a VAN BEMMELEN Cordula Jeanne 1865 SMIT. F .... 102a 154-155 
MadeJeine 

103 V 59 & 59a VAN BEMMELEN Theodora Car. 1866 I hospital nurse 1 1+ 
Wilh. Matthea 

104 VI 66 & 66a VAN LEEUWEN Johan Frans 1860 1920 GOLDSBURY. Edith 104a merchant (U.S.A.) 
Jozef 

I hospital nurse 
1 1+ 

105 VI 66 & 66a VAN LEEUWEN Cornelia Adriana 1863 

106 VI 66 & 66a VAN LEEUWEN Paulina Theodora 1866 BOERMA. 106a 
Maria Roelf Herman 

107 VI 66 & 66a VAN LEEUWEN Ernst George 1869 HUGENHOL TZ. 107a 156-159 agriculturist 
Elisabeth (U.S.A.) 

108 VI 68a & 68 DE KANTER Cornelis 1869 BETZ. 108a 160-162 quartermaster- 1 1+1+ ---- Machlinus Maria Henriette general 
109 VI 71 & 71a VAN LEEUWEN Pa ui Tjaarda 1899 SOLZER. Sophia 109a 163-166 colonial civil serv. 

Hendrik Johanna Wilhelmina 

I I I I I 
'-l 

110 VI 71 & 71a VAN LEEUWEN Louise VAN LISSA ... . . 110a 167-168 00 
'-l 

111 VI 74 & 74a VAN LEEUWEN Anna c. ... P .... C 1895 OE STURLER. lIla 169-171 
(STORM V. L.) Carel Adriaan 

112 VI 75 & 75a I VAN LEEUWEN Henriette Lucretia 1880 KUYPER. GuillaumeII12all72-174 
(STORM v. L.I Wijnanda 

113 VI 75 & 75a VAN LEEUWEN Willem 11\82 KLERK DE REUS. 113a 175-1781mil. officer. dr. of[ + [+ 1 + 1 + 1 + 
(STORM V. L.) Anna Judith med .• univ. prof. 

114 VI 75 & 75a VAN LEEUWEN Hermanna 18 . . BAKKER. H . ... 114a 179-181 
(STORM v . L.) W.O 10. v.D.MADE. Thile 115a 182 11 'i VI 75 & 75a VAN LEEUWEN Arnold 18 .. 20. CRAMER. W .... 115b 183 1 antique dealer 
(STORM V. L.) 

116 VI 75 & 75a VAN LEEUWEN Alida Marie 18 .. CRAMER. W . .... 1I6a 
(STORM V. L.) Catharina 

117 VI 76 & 76a VAN LEEUWEN Hendrika 1887 TERWOGT. 117al 184 1 teacher of music 1 + 1 1+ 
(STORM v. L.l Lucretia Joh. H. L. 

118 VI 76 & 76a I VAN LEEUWEN Petrus 1888 VAN LOKHORST. [118a[185-190[ planter 1+ 
(STORM v. L.) Laurentius Johanna 
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119 VI 77 & 77a VAN LEEUWEN Anna '" . MEIJERINGH, 1I19a 191 
(STORM v. L.) Willem 

120 VI 77 & 77a VAN LEEUWEN Carolina .... VALOIS, H ... .. 120a 192 
(STORM v. L.) 

121 VI 78a& 78 BUSCHMAN PetronelIa 1904 
----- Berendina 

122 VI 79 & 79a VAN BEMMELEN Jacob Maarten 1898 KLUIT, Clara Adr. 122a 193-194 Dr.of law,pr.tutor 
Petr. teach. second. sch. 

123 VI 79 & 79a VAN BEMMELEN Maria 1901 MAHR, AdolfMarie 123a 195-196 teacher of music 

124 VI 79 & 79a VAN BEMMELEN Joziene Berendina 1904 ANTONIUS, Julius 124a 197 - 198 dip!. graduate for 

ID. V. DRUMPT, Jan 125a Univ. education 
125 VI 82a& 82 RAPPARD Maria Mathilde 1889 199-200 

---- 20. WILSON, John 125b 
ID. POLAKDANIELS 126a 201 

126 VI 82a & 82 RAPPARD Elizabeth Louise 1890 
Eduard 

20. V.D.STADT,Jacob 126b 202 
Adriaan 

127 VI 82b& 82 VON LIEBEHERR Bogislav Ulrich 1903 1925 agriculturist 

128 VI 84 & 84a VAN BEMMELEN Daniel Johan 1899 SMIT, Emilia 128a 203 teacher 
I 

129 VI 84 & 84a VAN BEMMELEN Hermina 1902 IJZERMAN. Egbert 129a teacher 
Wouthera 

130 VI 84 & 84a VAN BEMMELEN ReynoutWillem 1904 dr. of geology, 
assistant-Iecturer 

131 VI 84 & 84a VAN BEMMELEN Frans Johan 1913 1915 
Techn. highsch. 

132 VI 84 & 84a VAN BEMMELEN Anna Françoise 1916 

133 VI 85a& 85 OP TEN NOORT Ad,;"". An<hOOY

I
I886 

134 VI 85a& 85 OP TEN NOORT Dina Adriana 1893 SICKENGA, Nicolaas 134a 204-207 

135 vr 87a& &7 REUVENS EIi .. b.,b G.org. I JOOSTING. Johaoots 135a 208-209 
Marg. WiIh. Th.od. 
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136 VI 88 & 88a SCHEPPER Dsnid· 

137 VI 88 & 88a SCHEPPER Eduard Albert 

138 VI 90a& 90 CAMPERT Petrus Jan Remko 1874 1921 VAN HALL. 138a 210-213 medic.practitioner + 
139 VI 90a& 90 CAMPERT Dorothea 1875 

Johanna 
DE RANITZ. H. 139a 214-215 teacher + + 

Wilhelmina 
140 VI 90a& 90 CAMPERT Johanna 1879 WASZINK. 140a 216-218 assistantBotanical + + 

Berendina Jan Hendrik Laboratory 
141 VI 90a& 90 CAMPERT Henriette Jacoba 1882 teacher + + 
142 VI 91a& 91 v . WIJNGAARDEN Adrienne 1877 1908 

Marthe Henr. 
113 VI 91a& 91 v . WIJNGAARDEN Johanna Cath. 1880 WAGTHO. 1 143aI219-220 

Corn. Johan Willem 
111 VI 91a& 94 V. WIJNGAARDEN Catharina 1883 DE JONGH, lHa 221-222 

Agatha Will. Hendr. Dan. 
145 VI 99 & 99a VAN BEMMELEN Jan Cornelis 1892 

146 VI 99 & 99a VAN BEMMELEN Meike Alida 1893 
I I I teacher 1+1 1+ 

147 VI 99 & 99a VAN BEMMELEN Ludolf Reinier 1891 

148 VI 99 & 99a VAN BEMMELEN Henri Marie 1896 

149 VI 101 & 101a VAN BEMMELEN Maria Anna 1891 hospital nurse + 
VI 101 & 101a VAN BEMMELEN Cordula Cath. 1896 QUARLES V.UFFORD. 150a 223-221 I ~ 

150 I 
00 

Agatha Louis Jacques \0 

151 VI lOl & 101 a VAN BEMMELEN Catharina 1900 teacher + + 
Marianne 

152 VI lOl & IOla VAN BEMMELEN Henri Marie 1902 NUBOER. 152a naval officer + + 
Ida Elisabeth 

153 VI lOl & IOla VAN BEMMELEN Theodora Cath. bachelor of law + 
Wilh. Matthea 

151 VI 102a& 102 SMIT Cordula 1890 REMMELTS. Remmelt 154a 225-227 
Frédérique 

155 VI 102a& 102 SMIT Wilhelmina 1901 
Marie 

156 VI 107 & 107a VAN LEEUWEN Frans 1897 

157 VI 107 & 107a VAN LEEUWEN Anna 1901 I I WARD. Paul 

158 VI 107 & 107a VAN LEEUWEN Betsy 1913 

159 VI 107 & 107a VAN LEEUWEN Ernest 1913 
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160 VII 108 & 108a DE KANTER Susanna 1894 VAN HOLTHE. LeD 160a 228 
Antoinetta Johan Dignus 

161 VII 108 & 108a DE KANTER Cornelia Adriana 1897 VAN STRAATEN. 161a 229-231 
Ger. Lamb. 

162 VII 108 & 108a DE KAN TBR Godefrieda 1901 v. D. POLL. Hendrik 162a 232 
Hendrika Willem 

163 VII 109 & 109a VAN LEEUWEN Tjaarda Paul 1915 

164 VII 109 & 109a VAN LEEUWEN Johan Willem 1917 

165 VII 109 & 109a VAN LEBUWEN Gerrit Albert 1920 

166 VII 109 & 109a VAN LEEUWEN Nancy Johanna 1921 

167 VII IlOa & 110 VAN LISSA Pa uia 

168 VII 1I0a&110 VAN LISSA Johan 

169 VII l11a&l11 DE STURLER Anna Suzanna 1916 

170 VII 111a&l11 DE STURLER Carolina 1917 
Wilhelmina 

171 VII 111a&1I1 DB STURLER Sara Adriana 1921 
Dorothea 

172 VII 112a& 112 KUYPBR Alida Maria 1907 stud. of medica I 
--- Catharina chemistry 

173 VII 112a& 112 KUYPER Johanna 1909 
Hendrika 

174 VII 112a&112 KUYPER Maria Eva 1914 

175 VII 113 & l13a VAN LEEUWEN Anne Judith 1906 graduate for med. 
chemistry 

176 VII 113 & l13a VAN LEEUWEN Daniel Marius 1907 stud. of architec-
ture 

177 VII 113 & 113a VAN LEEUWEN Willem 1912 
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178 VII 113 & 113a VAN LEEUWEN Adriaan Arnold 1916 

179 VII lHa & lH BAKKER Alida Maria 1911 
Christina 

180 VII lHa & IH BAKKER Theodora Agatha 1915 
Mar. Ant. 

181 VII IHa & lH BAKKER Bernard Anton 1918 

182 VII 115 & 115a VAN LEEUWEN Alida Maria 1922 

"Cl Cath. .. 183 VII 115 & 115b VAN LEEUWEN Arnold 0 
n 
~ 184 VII 1I7a & 117 TERWOGT Anna Bertha 1926 0-c; 

cc 
185 VII 118 & 118a VAN LEEUWEN Johannes 1912 '" 

;:0 Adriaan 
0 186 VII 118 & 118a VAN LEEUWEN Elisabeth Bertha 1916 '< 
!!!.. 
:x:- 187 VII 118 & 118a VAN LEEUWEN Hendrik 1918 
n Arnoldus I» 
P- 188 VII 118 & 118a VAN LEEUWEN Petrus Jacobus 1920 
:x:-e 189 VII 118 & 118a VAN LEEUWEN •••••••••• 0" '" ;0 .. 

190 VII 118 & 118a VAN LEEUWEN Willem 1926 0-
l» 

fl 
< 191 VII 119a & 119 MEYERINGH Sjoerd 19H 

~ '1 192 VII 120a & 120 VALOlS Mary \0 
>: 
>: 193 VII 122 & 122a VAN BEMMELEN Johan Frans 1923 
?< 

194 VII 122 & 122a VAN BEMMELEN Adriaan Gerard 1925 
Oswald 

195 VII 123a & 123 MAHR Gustav Adolf 1922 
Marie 

196 VII 123a & 123 MAHR Hildegarda 1926 

197 VII 124a & 124 
Adriana Jacoba 

ANTONIUS Dorothea Beata 1925 

198 VII 124a & 124 ANTONIUS Liselotte Helene 1927 

199 VII 125a & 125 VAN DRUMPT Daniel Johan 1911 
U1rich 

200 VII 125a & 125 VAN DRUMPT Jacoba Simonettel 1912 

~ 201 VII 126a & 126 POLAK DANIil.LS Marianne Elisab.1 1915 
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202 VII 126b & 126 VAN DE STADT Maria Helena 1925 

203 VII 128 & 128a VAN BEMMELEN Beatrys Helena 1926 

204 VII 134a & 134 SICKENGA Jacob 1918 

205 VII 134a & 134 SICKENGA Antoinette J. 1922 

206 VII 134a & 134 SICKENGA Wilhelmina 1924 F. C. C. I. 

207 VII 134a & 134 SICKENGA Florent Sophius 1927 

208 VII 135a& 135 JOOSTING Else Petra 1920 

209 VII 135a& 135 JOOSTING Peter Erik 1927 

210 VII 138 & 138a CAMPERT Jan Remco 1902 student of arts 
Theodoor 

211 VII 138 & 138a CAMPERT Herman Marie 1904 student of com-

212 VII 138 & 138a CAMPERT Apollonia 1905 
mercial economy 

graduate for elem. 
Wilhelmina teaeh .• hosp. nurse 

213 VII 138 & 138a CAMPERT Anne Marie 1907 graduate sec. sch .• 
shorthandwriting 

214 VII 139a & 139 DE RANITZ Jan 1909 studen t of archi------ tecture 
215 VII 139a& 139 DE RANITZ Herman 1910 stud . of medicine 

216 VII 140a& 140 WASZINK Jan Hendrik 1908 student of classics 

217 VII 140a& 140 WASZINK Paul Mathieu 1911 pupil of secondary 
school 

218 VII 140a& 140 WASZINK Herman 1914 

219 VII 141a& 141 WAGHTO Johannes 1916 
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three, or, at the very least, two of them, are combined, he cannot hope to 
make a figure in the world. The probability against inheriting a combination 
of three qualities not correlated together, is necessarily in a triplicate 
proportion greater than it is against inheriting any one of them". 

This remarkable quotation proves, th at GALTON, though he was naturally 
unacquainted with MENDEL'S discoveries, had a c1ear insight into the 
mechanism of heredity, in so far as he ascribed its phenomena to the 
influence of "qualities th at are separate and independent of one another". 
But as to the real nature of these "qualities", he probably did not consider 
them as we do now a days, that is to say as primary, unalterable 
genotypical factors passing from generation to generation without changing 
their constitution, and only varying in their phenotypical effect under the 
influence of other factors, internal as weIl as external. 

Had he been able to consider things from this point of view, he would 
probably not have chosen cases of perfect genius as the central~points, 
from which he mapped out his lines of ascent and descent, as it is c1early 
obvious that genius in itself is no entity in the sense of a hereditary factor, 
but only a popular qualification for the highest grades of a combination 
of certain valuable mental properties. For us GAL TON' s choice of his points 
of issue seems as queer as would be the method of a modern student of 
genetics, who based an investigation about the rules of heredity for eye~ 
colour on the very exceptional cases of people with one brown and one 
blue eye, or an enquiry into the duration of human life on those of centi~ 
narians. 

Although WOODS' book appeared in 1906, when the new light on 
questions of heredity had already appeared, and notwithstanding his 
acquaintance with the phenomenon of "Alternative inheritance", he still 
adheres to GAL TON's "law of the Average Contribution of Each Separate 
Ancestor to the Total Inheritance of the Offspring". In WOODS' eyes, 
remoteness of an ancestor is forcibly equivalent with reduced influence on 
the hereditary constitution of the descendant. 

Yet, it is easy to cite a profusion of instances, where he is forced to 
acknowledge the revers ion on a remote forefather, or the reappearance of 
a property which seemed longsince extinct. Compare e.g. p. 51: "The 
tendency to mental unbalance (insanity) in the house of HANOVER, wh ere 
it showed itself in only a few examples, may be con si de red to be probably 
areversion to the old Palatine insanity at the time of the STUARTS". 

It is, however, in the cases where WOODS points out the regular and 
uninterrupted repetition of fairly normal mental properties, which families 
of royal blood have in common with all other people of whatever standing 
in social life, that he furnishes us with the best examples of hereditary 
propagation of special traits, without any regard to the distance towards 
the first member in the pedigree that showed them, and likewise to their 
comparative grade of accomplishment or to their social merits. The most 
interesting case in this connection is what he tells us about the distinct 
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literary tastes of the House of BRUNSWICK. "Among the forty~five" 

(members of the first five generations ) "here studied, we find ... .. . twelve 
who were either authors, or showed distinct literary tastes" .. .... "in the 
direct male line". Only a few lines further he adds : "Pram now on, 
literary ...... ability was absent in the House of BRUNSWICK, and the story 
of the last two generations is but the sad extinction of a once ilIustrious and 
honored family .... .. A congenital psycho~neurosis made its appearance, the 
origin of which may be surmised, though not incontestably proved'! . 

Though I must confess, that I am unacquainted with the literary products 
of these twelve authors of royal blood, 1 yet venture to assert, that, had 
they not belonged to a "once ilIustrious and honored family", these 
products would not in themselves have been of sufficient merit to bring the 
fame of their authors down to our present days. Nor is literary taste and 
an irrepressible vocation for the composition of works of fancy , in any way 
connected with the special traditions or the favourite sports of members of 
royal families. On the contrary, we need not fear contradiction when we 
assert that in general such an active partaking in artistic or scientific 
achievements of commonplace people is a great exception among them, 
which is far from being regarded with a favourable eye by the majority of 
their standing. Sa WOODS' argumentation that such a series of genera ti ons 
of literarely~endowed persons of royal extract can only be explained by 
the pure force of heredity, is perfectly superfluaus. The phenomenon only 
proves once again that these persons, mentally as weIl as bodily, are in na 
way differently constituted from the bulk of mankind. 



Physiology. - On the Physiology of Reflex~Standing. By Dr. G. G. J. 
RADEMAKER. (Communicated by Prof. R. MAGNUS ). 

(Communicated at the meeting of June 25, 1927). 

Wh en a few years ago an examination was started about the functions 
of the cerebellum, the relative literature was, of course, consulted. 
According to LUCIANI decerebellated anima Is display astasia, although 
they are able to stand, which is somewhat a contradictio in terminis. Also 
according to BECHTEREW these animals display disturbances of standing: 
"astasia consequent on a disturbance of static co~ordination". 

Now we had to ask the question : what do the decerebellated animals 
lack for standing; from this question two others arose, viz. what is 
required for standing, and how is normal standing brought about. 

These questions seem to me to be of great importance also for the clinic. 
When still attending patients in the clinic I asked myself how is it that 
when a patient lying on his back is examined for the tonus of the leg~ 
muscles by grasping the leg above the ankle and flexing it passively, this 
flexure can rather easily be effected, even when the leg~muscles are 
hypertonie, whereas a standing normal person tolerates a heavy pressure 
upon the shoulders, without any flexion of the legs. The legs of standing 
dock~workers can carry from 200 to 300 kg. plus the weight of the trunk. 
This is more or less a mechanical action, not exclusively a voluntary one, 
and is performed unreflectingly. 

Therefore, the recent man ua Is of Physiology (a.o. that of STARLING) and 
of Neurology were consulted on the subject of standing, but next to nothing 
was found about it, in the Manuals of Neurology only the familiar pictures 
of disturbances of standing äna -01 îneefforts to get up from a lying 
position in cases of progressive muscular dystrophia. 

In other, especially in the older text~books of Physiology, we find laborious 
treatises on the standing postures, on the position of the joints in a standing 
attitude, on the course of the lines of gravity, and on the function of the 
bones, ligaments and tendons. In these treatises the muscles are altogether 
ignored. This is because the writers thought that muscular exercise always 
brought fatigue. Standing for hours being possible without great fatigue, 
an operation of the muscles was considered out of question. 

It was especially DUCHENNE DE BOULOGNE who pointed out that the 
muscles play a significant part in standing, as with paralysis, or disease of 
thc muscles standing is hampered very much, even of ten rendered 
impossible. He also maintained that in the normal standing attitudes all 
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the leg-muscles, ex tensors as weil as flexors, and abductors as weil as 
adductors, feel hard and stretched. 

In 1896 SHERRINGTON reported that wh en an anima I had been decere
brated, (i.e. when the mesencephalon had been severed transversely 
between the anterior and the posterior corpora quadrigemina, consequently 
caudal to the red nuclei), it was quite rigid, and that when the rigid 
animal was put on its legs, the legs could support the trunk, which the 
leg of the spinal animal cannot. According to SHERRINGTON the decere
brated anima I can stand, it exhibits, in contradistinction to the spinal animal 
"standing-reflexes", consequently "reflex-standing" and possesses static 
tonus. 

Formerly it had already been demonstrated by FLOURENS, MAGENDIE, 
and others, notably by GOL TZ, that also thalamus-animals can stand and, 
it would séem, with a normal distribution of tonus. So the thalamus-animal 
also displays a reflex-standing, but much more normal. MAGNUS pointed 
out th at the posture of decerebrated animaIs, with the maximally stretched 
joints of the legs and the excessive extensortonus, is a grotesque posture. 

On investigation the "reflex-standing" of a decerebrated anima I exhibits 
such numerous and pronounced deviations, that the question rises whether 
it may in strictness be ca lied standing. 

I. In the first place the distribution of tonus is quite different. Not 
only that in decerebrated anima Is the ex tensor tonus is abnormaI. but also 
that the flexors lack tonus altogether or nearly, while with normal 
standing posture, as we have already seen, all the leg-muscles are 
contracted. SHERRINGTON maintains that the standing attitude is chiefly 
brought about by the extensors, which according to him are the 
"antigravity", the muscles counteracting the gravity. That this is not 
always quite true, can be stated for animals as for men. When the forelegs 
of a dog are slightly retro-flexed, the triceps brachii feels quite flaccid. In 
posture with trunk bent forward the rectus femoris in man is soft, while the 
patelIa can be easily moved to and fro. Furthermore standing, as weil with 
stretched as with semi-flexed legs is possible when the quadriceps are 
entirely paralyzed on either side. The literature contains records of several 
cases in which this was observed. 

11. Another disturbance displayed by the decerebrated animal is that 
it does not put its legs in the right position for standing.When the animal 
is held freely in the air by head and taiI. and is then Iet down till the toes 
touch the floor, the legs are in a wrong attitude, they rest on the dorsal 
si de of the toes, and the animal does not put them in the right position. 
Wh en the animal is lowered still more, the legs will slip backward, and 
finally they will be retroflexed under the body. 

lIl. If we put the legs in the proper position, and then move the animal 
to and fro antero-posteriorly or sideways, it does not shift the legs; the 
legs do not make correcting-movements. Also when putting the legs 
passively in an abnormal position, there is no trace of correction noticeable, 
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i.e. the anima I does not lift up its leg to put it down in the right position. 
(When flexed passively the toes recoil to the stretched-position on being 
let loose.) 

IV. If we do not help the standing anima I sideways, it overturns 
on the slightest push, or the slightest movement it makes, without 
any active efforts to prevent it, and it remains lying on its side. The 
righting-function, the capacity of keeping and resuming the erect position, 
is totally absent. (Of MAGNUS'S righting reflexes only the neck righting 
reflexes are still present). 

V. The legs of the decerebrated animals are not only strong in a 
standing position: they not only show ex tensor-tonus when the anima I is 
"standing" but also when it is put in side- or dorsal position. 

With dors al position the ex tensor-tonus is often even stronger under the 
influence of the tonic labyrinthine reflex es. The extensor-tonus, therefore, 
is not caused by standing: it is not brought about by statie relations. 
According to LIDDELL and SHERRINGTON in the standing of decerebrated 
animals myotatic reflexes come into play, i.e. reflexes evoked by stretching 
of the muscles consequent on the weight of the body. These myotatie 
reflexes, however, cannot be the cause of the extensor-tonus in the lateral 
position of the decerebrated anima!. 

VI. And lastly the decerebrated animal placed on a board inclining 
towards one of the sides, does not exhibit any changes in the distribution 
of tonus; the position of the legs is not adjusted to the statie relations. 

The so-ealled statie tonus of deeerebrated animais, therefore, is neither 
evoked by the statie relations, nor does it aeeommodate itself to the statie 
relations; it is even mostly more pronouneed in the dorsal position. 

The decerebrated anima I stands more or less like a toy-animal on four 
stiff pillars. Of course, this comparison also halts: as the tonus of the 
leg-muscles varies with the change of the head-position, on labyrinth
stimuli etc. 

What are the requirements for nOlmal standing? 
In the first plaee that the legs should be plaeed in the proper position. 

This may be effected by two sorts of stimuli: 
First by optic stimuli, 
Secondly by stimuli of different areas of the body surface. 
The influence of the optie stimuli can be seen, when we hold an animal 

freely in the air, and then approach the head to the edge of a tabIe. As soon 
as the head is at a short distance from it, the anima I put down its legs. This 
as the head is at a short distance from it, the animal puts down its legs. This 
these stimuli also play an important rale in men is evident from the 
behaviour of tabetici with open and closed eyes. The action of stimuli 
emanating from the body-surface may be seen when a blindfolded animal 
is suspended in the air, and the lower jaw is then brought in contact with 
a tableboard. The forelegs are placed directly beside the muzzle, then they 
are stretchedand the anima I is supported by them. Also when the dorsal 
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si de of the leg touches a board, the legs will be placed in a normal position 
on the board. Likewise pads of the hindlegs will be placed on the board 
when the point of the tail touches them. 

These "placing~reflexes" consequent on contact are "conditioned 
reflexes" in PAWLOW's acceptation. If the dog is held up free in the air, 
with the head upward, and then the tail is touched by the hand, the hind~ 
legs will also be stretched, but subsequently become flexed again, because 
the pads do not touch the board. If we repeat this five or six times, 
thus fooling the animal. no stretching comes forth any more. The reflex 

consequent on touching of the tail may be evoked again by lowering the 
anima I acouple of times, so as to make the tail and subsequently the 
hindlegs touch the board. This property of being "conditioned" suggests, 
th at we have to do here with cerebrum~reflexes. Two facts are in perfect 
harmony with this, viz. in thalamus~animals and also in decerebrated 

animals these reflexes are absent, and secondly blindfolded dogs 
with unilateral extirpation of the cerebrum put down only the legs of the 
si de of the extirpation, while the contralateral legs remain hanging in the 
air. The unilateral absence of these reactions becomes evident also when 
these anima Is are placed on a grating and the legs are pulled between 
the bars. Then the legs on the si de of the extirpation are placed 
directlyon the bars, the contralateral ones retain their position between 
the bars. On the contrary blindfolded decerebellated animals place their 
legs in the right way on touching a floor, and place them also correctly on 
the bars of the treIlis, anyhow some time af ter the extirpation. The first 

week or weeks they also of ten show disturbances. 
As regards man, first of all we know, that in nurslings the reactions are 

lacking in the first half year. If we bring the posterior part of their body 
in contact with the floor they do not put their legs down in the right way, 
they lift them up. Every neuroIogist knows that these reactions can also be 
absent in pathologieal conditions. 

In the second place an adequate supporting tonus is required {or 
standing. 

If a normal or a decerebellated animal is placed in a dorsal position, or is 
held up free in the air, the legs present a posture, and a distribution of 
tonus~~relation quite unfit for standing. The legs are then more or less 
flexed and the resistance against passive flexion is in that case only slight. 
If, however, the animal is put on its legs, they are stretched at once and 
have changed into firm pillars that can hardly be bent. The legs then 
exhibit a very marked "supporting~tonus". All the muscles are protruding, 
and flexors as weIl as extensors, abductors as weIl as adductors feel hard 
and tight. The term supporting~tonus was chosen to distinguish it from the 
so~called statie tonus of the decerebrated animals. 

The following four factors play a röle in the origin of the supporting 
tonus. 
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I. The position of the distal parts of the extremities: at the forelegs 
the position of wrist and fingers, at the hindlegs that of the toes. 

We have seen already in what way the hands and the feet were placed 
in the right position. This change of position elicits numerous reflex
contractions, e.g. with extension of wrist and fingers reflex~contractions 

of the muscles of the upper arm, shoulder and shoulderblade appear, by 
which elbow and shoulder are extended and are fixed in this position. This 
fixation continues so long as the wrist is stretched passively. Likewise 
stretching of the toes of the hindlegs engenders ex ten sion of hip and 
knee, whereas with flexion of the toes the resistance against passive 
flexion of these joints disappears, and often reflex bending of knee and 
trip appears, (positive and negative supporting reactions). 

These reflex~contractions can readily be feit. They were, moreover, 
demonstrated by SCHOEN at muscles detached from their insertions (at a 
so~called Sherrington~preparation). 

These reactions are effected by proprioceptive stimuli. With passive 
extension of the wrist, fingers and toes the flexors are stretched, by which 
stimuli are elicited in these muscles, which by way of the central nervous 
system contract the other muscles of fore~, resp. hindIeg. 

It is quite in keeping with the proprioceptive character of these reactions, 
that they are still present in legs anaesthetized by severing the cutaneous 
nerves, and that on the contrary they disappear after severing the posterior 
roots of the spinal cord. After transverse section of the spinal cord extension 
of the wrist still produces some extension of the proximal joints, but 
this stretched posture is not fixed tonically. Also witrr decerebrated animals 
these reactions exhibit anomalies ; with passive flexion of the distal joints 
fixation does not disappear completely, as the legs will still retain a distinct 
rigidity, a distinct resistance against passive flexion. The positive supporting 
reaction, of course, cannot be ascertained from the stretched, stiff legs. 
With thalamus animals the positive, and the negative supporting reactions 
are normal, with decerebellated anima Is they are excessively marked. Also 
in men similar mechanisms are operating. The nurses of the Salpétrière 
in CHARCOT'S time had already observed that extensor cramps of the 
legs ceased when the toes were flexed with force. Afterwards this 
influence of flexion of the toes on the ex tensor tonus in cases of hemi~, 
and paraplegia, and with tranverse myelitis was described by PIER RE MARIE 
and FOlx as "phénomène des raccourcisseurs". It is known that wh en the 
foot is moved dorsad, it also yields reflex changes of the tonus distribution. 
1 need only to remind the reader of the fact that it of ten evokes foot~clonus. 

11. Secondly touching the footsale plays a röle in evoking the 
supporting tonus. 

A normal dog or a decerebellated dog in dorsal position keeps its hindlegs 
flexed. Now if we touch the dorsal si de of the foot, the flexed position 
persists. If, however, we touch the sole, the leg is stretched at once to 
its full length, and is fixed in this stretched position. Then all the muscles 
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are contracted. protrude and feel hard. The ankIe. knee and hip-joint are 
also entirely fixed. The pelvis follows every passive movement of the 
upperleg. If we touch the sole of the flexed hindleg and drawthe touching 
finger back. the leg will followas if attracted by magnetic force. For th is 
reason this touching reaction i.e. areaction to exteroceptive stimuli was 
baptized magnet-reaction. The forelegs also show this reaction; they are 
stretched when the sole is touched. and elbow, shoulder. nay even the 
shoulderblade are completely fixed. Not only all the muscles of the 
extremities exhibit reflex-contraction, also the muscles of the back, and, 
under certain circumstances also the cervical muscles. This influence on the 
muscles of the back and the neck is also demonstrabIe with dorsal position. 

The contractions caused by touching the sole are tonic, they persist 
all the time the touching continues. 

Of course. there is no magnet-reaction in anaesthetized legs. it is an 
exteroceptive reaction; nor is there any after severance of the posterior 
roots of the spinal cord. After transverse section of the spinal cord it is 
also absent. anyhow touching the soles does not give tonic contractions, 
which persist so long as the touching continues. (With spinal animals 
touching of the sole of ten results in a short stretching followed by flexion. 
the so-called extensor-thrust of SHERRINGTON.) It was observed that neither 
with decerebrated animaIs. nor with thalamus-animals touching of the 
soles was followed by the magnet-reaction; it was remarkable, however. 
that af ter unilateral extirpation of the cerebrum, a tonic stretching appeared 
when the soles were touched. as weIl at the homolateral as at the 
contralatera! paws. 

In decerebellated animals magnet-reaction is ever extremely vivid and 
yields almost maxima! extension and fixation. Also the muscles of the back 
react excessively in decerebellated animals on the touching of the sole, 
and the concave back of the dog held up free in the air by the head and the 
tail. is not as with the normal dog bent straight but arched. 

Man has not yet been examined systematically for the existence of 
magnet-reaction. We do know that in normal adults touching of the soles 
is not followed by a stretching of the leg. and also that in nurslings of 
1-6 months no stretching or supporting tonus appears when the sol es 
are brought in contact with the floor. I regret to say that I have not yet 
been ina position to ascertain the consequences of contact of the soles 
in children that have just learned to stand or walk. If we touch the hollow 
of the hand of a youtlg child. a- "clinging reflex" appears just as with 
monkeys. In pathological conditions this reflex also occurs in adults a.o. 
often in cases of dementia. These patients appear to me just fit subjects 
to observe the consequences of the touching of the soles. just as patients 
with cerebellar atrophy, because in decerebellated anima Is the magnet
reaction is particularly vivid and unrestrained. 

Thirdly pressure on the sales also plays a röle in evoking the 
supporting tonus. 
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This pressure will act first of all as exteroceptive stimuli. as the magnet
reaction; only the intensity of the exteroceptive stimuli is in this case 
greater. However. pressure also exerts an influence on the anaesthetized 
paw. If the terminals of the paws are first brought in a standing position. 
and stibsequently pressed on the sole. this pressure on the sole will 
intensify the stretching of the flexors of fingers. wrist and toes and 
the same reactions will appear as with passive placing of the terminals in 
the position as with the standing anima!. The reactions. however. will be 
stronger. The result will be stretching in all the joints and still stronger 
fixation of the stretched position of the limbo 

If the limb is already quite stretched the pressure on the sole 
will stretch besides the named flexors. al50 the ex tensors of elbow and 
shoulder. resp. of ankIe. knee and hip. and through the stretching of these 
muscles not only these. but also others will show reflex contractions. 50 
SCHOEN demonstrated that on the stretching of the m. triceps bracchii not 
only the triceps itself reacted with a contraction. but a.o. also the biceps 
and the supraspinatus. 

In the standing animal a counterpressure is exerted on the soles equal 
to the bodyweight. Now. if the back is loaded. the counterpressure increases. 
so that all the above-named muscles will be stretched still more and hereby 
bring about still stronger reflex-contractions. LIDDELL and SHERRINGTON 

demonstrated that the reflex-contractions. evoked by stretching. will be 
stronger. first of all according as the stretching is more intense. and 
secondly as the incipient tension of the muscles is larger. In this way the 
adaptation to the loaded weight is eHected. 

The pressure on the soles also augments the tension of the muscles of the 
vertebral column. and. under certain circumstances. also of the 
cervical muscles. 

In man this influence on the dorsal spinal muscles is also noticeable. 
notably when palpating the m. sacrolumbales. while standing alternately 
on the left and right leg. 

After transverse section of the spinal cord pressure on the sol es gives 
neither stretching nor a tonic contraction of the muscles. In decerebrated 
animals pressure on the sole causes tonic contraction only of extensors; 
the flexors do not react. In thalamus animals pressure on the soles produced 
a tigqtening of flexors and extensors. but the fixation of the hindlegs most 
of ten did not become so strong as in normal or decerebellated dogs. In 
the latter fixation of the joints is very much intensified by pressure. 

If a normal or a decerebellated dog is placed with one leg on a balance. 
it appears that the hindleg can bear a counterpressure of 1 Yz times the 
bodyweight. the foreleg even more than double that weight. without flexing. 

IV. Finally the mutual influence of the positions of the proximal joints 
come into play. 

If one of the proximal points. elbow or shoulder. resp. knee or hip. is 
stretched passively or actively. other joints will also stretch and are fixed 
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in stretched position. H e.g. of a dog the upperarm is moved forward, the 
wrist and the e!bow will also be stretched and these joints cannot be f1exed 
passive!y in that case. Conversely, passive f1exion of one of the proximal 
joints is attended with f1exion of the other joints and fixation in f1exed 
position. With passively flexed shoulder, e!bow and wrist cannot be 
stretched complete!y. 

This mutual influence is principally, perhaps entire!y, attributable to the 
anatomic re!ations. Reflex influences of one muscIe on the other are not 
distinctly observable. The appearance of this phenomenon depends, 
however, on an adequate tonus of the muscles. In spinal dogs it is stilt 
present; stretching of a proximal joint is still attended with stretching of 
others, mostly, however, with smaller fixation . On the other hand, it is 
no longer observed in maximal, deep narcosis, or only concomitant stretch~ 
ing occurs without fixation. This mutual influence of the joints is answerable 
for the fact that a fully stretched leg is more difficult to flex than a semi~ 
flexed one. 

In the foregoing we discussed : 
1°. how the legs are placed in the proper position for standing; 
2°. in what way the supporting tonus is evoked ; and 
3°. how the supporting tonus is adapted to the loading. 
It still remains for us to ascertain what factors play a röle in the 

adaptation to the statie relations, to the changes of the plane of the floor. 
Only the principal factors will be discussed briefly : 

I. T he pasitian of the head. 
H we place a normal (or better still a decerebellated) dog in dorsal 

position and hold the muzzle vertically upwards or ventral, the hindlegs 
will, on touching the soles, display a marked magnet reaction, and pressure 
on the soles is also followed by the occurrence of intense stretching and 
astrong resistance against passive flexion . H, now, while pressing the soles 
we move the head in dorsal direction, we fee! the resistance slacken and 
ultimate!y disappear when the muzzle sinks be!ow the horizontal. Then the 
hindlegs will twitch and neither touching nor pressure on the sole will 
evoke a stretching any more. Also in the standing animal this influence 
of the position of the head and neck on the supporting tonus of the hindlegs, 
is evident. With a posteriorly upward position of the head the supporting 
tonus of the hindlegs is weak, and it is strong with ventral flexion of the 
head and the neck. Also the supporting tonus of the fore!egs changes in 
this process, but in an opposite sense. Wh en raising the head it increases, 
with lowering of the head it decreases. 

This influence of the position of the head, caused by the tonic neck~ 

reflexes of MAGN US and DE KLEYN can promote the adaptation of the 
musc1e~tonus and of the position of the limbs to the inclination of the 
floor. For jf an animal stands on a board or tabIe, which is moved up and 
down at the front or at the back, th en the position of the head in space. 
is altered. Thereby the labyrinthine righting reflexes will begin to operate 
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and the head will be brought back again to the original position in space. 
If e.g . the top of the table is moved down, the labyrinthine righting 

reflex es will move the head backward, by which the supporting tonus of 
the hindlegs will decrease, that of the forelegs will increase. Consequently 
the former will flex, the latter will stretch. Labyrinth~stimuli are not in~ 
dispensabIe to this adaptation, as labyrinthless dogs, also when they are 
blindfolded, also exhibit th is altered position. It follows that ot her factors 
must be in operation. (Labyrinthless dogs, however, exhibit a proper 
adaptation only when the up~and~down movement of the table takes place 
slowly. For if the top of the table is moved up quickly, we shall see that 
on account of the absence of the semi~circular canal reactions the labyrinth~ 
less animals will turn a somersault backward and will be dashed to 
the ground.) 

11. The bending of the back. 
We have seen that touching the soles as weil as applying a pressure on 

the soles influences the bending of the back and the tension of the dorsal 
muscles. Conversely also the bending of the back plays an influence on 
the supporting tonus of the legs. If the back is convex the supporting 
tonus of the hindlegs is strong; if concave it is weak, and the hindlegs 
are twitching. This influence emanating from the back begins to 
operate with the adaptation to the statie relations, if only the position of 
the bearing surface of the hindlegs changes, while that of the forelegs 
remains constant. 

Also with men the bending of the back has a similar influence. Every 
one who hap pens to have been engaged in a wrestling~match, knows that 
as soon as he has succeeded in slightly twitching the back in the loins, it 

is an easy thing to flex the legs completely. 
111. The influence of the position of the forelegs on the supporting tonU::i 

of the hindlegs. 
If a dog is placed with its forelegs on a steady bearing surface, e.g. on 

the edge of a tabIe, while the pads of the hindlegs rest on the hand, and if 
the trunk is moved backward, so that the forelegs are moved forward in the 
shoulders, we shall feel that the hindlegs are being stretched immediately 
and push the hand back with great force. This stretching attended with a 
strong resistance against passive flexion persists so long as the position of 
the anima I is not altered. If, on the contrary, the trunk is moved forward, 
by which the forelegs go back in the shoulders, we shall feel the resistance 
decrease, and ultimately the hindlegs are twitched. 

With dorsal position the same occurs. If you place one hand on the pads 
of the forelegs of the supine anima I. and the other hand on the pads of the 
hindlegs, you'll also observe that with passive forward movement of the 
forelegs a stretching and an increase of the supporting tonus of the hindlegs 
occurs, and with a backward movement of the forelefj's a decrease of 

the supporting tonus. 
The signifieance of this influence for the adaptation to the static relations 
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in standing on a bearing surface. that is moved up~and~down at the fore
part or at the back. is self evident. 

IV. The influence of the position of the contralateral leg. 
If a dog is placed with one of his legs. say the right foreleg. on a tab Ie, 

while the contralateral leg, in casu the left one, rests on the hand, we 
fee! that with sideway to~and~fro movement of the trunk the supported leg 
is flexed and stretched. With a movement of the trunk towards the left a 
stretching of the supported left foreleg occurs together with strong 
resistance against passive flexion , with a movement of the trunk to the 
right disappearance of the resistance and flexion of the leg. On doser 
investigation it appeared that this altered tonus was caused by the ab- and 
adduction of the right foreleg . For, if instead of the trunk the board on 
which the right foreleg rested. was moved to and fro. the reactions of the 
left foreleg occurred all the same. Also when the dog stands on one hindleg 
sideway to and fro movement of the trunk causes the other hindleg to 
exhibit alternate!y flexing and stretching movements. 

A movement of the trunk antero-posteriorly yie!ds similar reactions. If 
e.g. the animal stands on the right foreleg and if the trunk is moved 
forward, a forward stretching and likewise astrong resistance against 
passive flexion of the supported left foreleg wiIl take place; when the 
trunk is moved in the opposite direction again. the resistance will disappear 
again and flexion of th is leg wiIl follow. 

Also in the animal in dorsal position similar reactions can be elicited. 
All the reactions discussed sub I-IV are tonic. They occur in normal, 

as weIl as in thalamus animals. In decerebellated dogs they appear very 
automatically. and cause excessively marked changes of the supporting tonus. 

V. The influence of the position of the leg in shoulder, resp. hip-joint 
on the supporting tonus of this leg. 

IE we place a dog with one leg, say the right fore!eg. on a table and place 
this leg in strong abduction, it wiIl show but little supporting tonus ; the 
musdes of fore- and upper~arm feel flaccid , the e1bow is partly flexed and 
the leg yie!ds even to very light pressure. If now we move the trunk 
dextrad. so th at the leg is charged more heavily, and the markedly stretched 
adductors relax at the same time that the abductors become stretched. th en 
the elbow and the shoulder will he seen to extend. The musdes of the leg 
now feel compact and pressure on the shoulder meets with strong resistance. 
The nearer the leg approaches the median position. the stronger the 
resistance of the leg will be. the stronger the supporting tonus will 
become. 

Similar reactions will occur when the bearing surface of a straddle
legged animal is moved down at one of the sides, say, at the right side. 
Gravitation will then draw the trunk to the right and try to adduct 
the right legs. 

If a leg. say the right-foreleg. stands in the median position. and the trunk 
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is moved dextrad, while the toes are fixed with one hand on the bearing 
surface, so that the leg is adducted, the leg will twitch at once under the 
weight of the trunk, and all the supporting tonus disappears. This 
disappearance of the supporting tonus is part of a correcting~movement, for 
if the toes are not fixed on the table and the trunk is moved dextrad, it 
\Viii be seen that at the moment the supporting tonus disappears the leg 
is raised, subsequently abducted, and placed more outwardly. This reaction 
is probably caused by the intense stretching of the abductors, and is very 
Iikely a proprioceptive correcting~movement. Quite conformabIe correcting 
movements occur, when by removing the trunk the leg is transposed from 
the median position in the shoulder, resp. hip, posteriorly, anteriorly or 
exteriorly. Besides for the adaptation to the static relations and to the 
recovery of the body~equilibrium, these reactions are important also in 
other respects. For these reactions explain the puzzling phenomenon in 
thalamus~animals that, although they lack the placing~reflexes and 
correcting~movements on stimuli emanating from the body~surface, they 
always place their legs in the proper way in standing, walking and falling. 
These reactions are lacking in decerebrated animals. In thalamus~animals 
they are as a rule always present, but sometimes they occur somewhat late. 
They are often absent in decerebellated anima Is shortly after the 
extirpation; afterwards they always come back but display typieal 
deviations. First of all they appear too late i.e. only wh en as with normal 
dogs, the leg is transposed further posteriorly, interiorly or exteriorly, and 
secondly the movement is too strong, too large, the leg is raised too much, 
is put down too far and too forcibly and with too loud a rap. 

If we . place the decerebellated animal with one foreleg at one end of a 
board and move the trunk anteriorly, the anima I will halt along to the 
ot her end with fewer paces than a normal dog. 

If an animal stands on a board, that is being moved down at the one 
end, gravitation will pull the animal forward. The animal then adapts 
itself to the statie relations, and shows resistance by stretching the 
forelegs, while the hindlegs f1ex. If you pull a thalamus dog standing on . 
a horizontal board, forward, you'lI also see, no matter whether you pull at 
its head, neck, chest~ or back~skin, that the forelegs are stretched forward, 
and that the hindlegs are f1exed. 

By pulling the anima I forward first of all a heavier weight presses upon 
the forelegs and secondly the f1exors of the metacarpophalangeal joint and 
the wrist, and also the extensors of elbow and shoulder are passively 
stretched. If the animal stands on a board that is moved down on the 
rightside, gravitation will draw the anima I dextrad. It adapts itself by 
resisting outwardly, i.e. by stretching and abduction of the right legs, 
while the leit legs wiII f1ex. Quite the same reactions of the legs appear 
when a normal. thalamus~, or decerebellated dog standing on a horizontal 
board, is pulled or pushed by the skin to the right. This pulling causes the 
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right legs to be more heavily charged and the abductors of the right 
shoulder and hip are passively stretched. 

The appearance of these reactions depends only on the direction of the 
force, not on the point of application. 

Still, the latter must have some influence, as is evident from thalamus dogs. If you take 
a thalamus dog by the head without pulling, the anima I will try to get free by pulling 
backwards; if, ho wever, you take him by the tail the animal will get free by pulling 
forwards. If you take him by the right ear, the animal will turn his head to the left or 
walks round in cirdes to the left, right against the hands of the doek. If, on the contrary 
you hang a damp at the skin of chest or hip of the right side, the animal will walk to 
the right. 

All the above~described reactions, coming into play with standing and with 
adaptation to the charging and to the statie relations, disappear after severing 
the posterior~roots, while the reactions on exteroceptive stimuli, such 
as magnet~reaction, disappear already after cutting the cutaneous nerves. 

Regarding the localization of the centra of these reactions we saw 
already: 

1. That af ter transverse section of the spinal cord most of these reactions 
are lacking, whereas others are considerably disturbed (touching the sole 
sometimes gives a brief stretching, pressure on the sole a brief fixatiori), 
so that standing is out of the question. 

11. That also after decerebration most of these reactions are absent, 
while the others exhibit considerable disturbances also now. 

111. That in thalamus~animals all the reactions are present, except the 
proper placing of the legs on optie stimuli and on stimuli emanating from 
the body~surface and also excepting the magnet~reactions. 

IV. That after unilateral extirpation of the cerebrum the placing~ 

reflex es on stimuli emanating from the body~surface, are absent at the legs 
on the side of the intact half of the cerebrum, that the other reactions, also 
the magnet~reactions occur, as weIl at the homolateral as at the 
contralateral legs. 

V. That in decerebellated animals all the reactions are present, most 
of them even excessively. (This holds good only when the anima Is have 
accommodated themselves as weIl as possible, i.e. 3-6 months af ter the 
extirpation. On the first days af ter the extirpation most of these reactions 
do not appear and af ter this they are still disturbed for some time.) 

In decerebellated animals some of these reactions are merely exchlsively 
excessive, hypermetrie; so e.g. the hypermetrical stretching and fixation 
of the extremities and the excessive bending of the back on touching the 
soles. Nothing was noted of too long a latency. With other reactions, on 
the contrary, as with proprioceptive correcting movements the lateness as 
weIl as excessiveness was observed. That these disturbances of the statie 
reactions will contribute to the appearance of the so~called cerebellar ataxy, 
is evident. 

In man standing is disturbed or quite impossible in cases of serious tabes 
(affections of the posterior roots and homs). of serious poliomyelitis 

52 
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Spinal \ Decerebrated I Thalamus- Decerebel-
animal animal !ated animal ammal 

Placing-reflexes + 
Magnet-reaction -1 +, exces-

sive 
Pos. supportlng reactIon disturbed disturbed + + 
Neg. supporting reaction disturbed + + 
"Wiebel reaetIons" 1) disturbed + + 
Proprioceptive correcting 

movements + + 
Other adaptatIon reactions + + 
Neck rlghting reflexes + + + 
Other reflexes + + 

(affections of the anterior horns) of serious neuritis caused by lues, beriberi 
etc., and in cases of muscular dystrophia, so in general with interruption of 
the spinal reflex arc. Then again with transverse lesions of the spinal 
cord, quite in keeping with the observations on animaIs. RIDDOCH and 
LHERMITTE observed in wounded soldiers also that the other phenomena 
af ter total transverse lesions of the spinal cord in man resembie completely 
those displayed by animais, while also af ter transverse lesions of the 
mesencephalon decerebrate rigidity occurs in man with a similar symptom~ 

atic aspect. With these, and also with other affections characterized by 
strong rigidity, as e.g. with serious spastic spinalparalysis, standing is 
disturbed in man. Standing is further impossible in man in diseases with 
still unknown localisations, as in cases of chorea mollis, athetose double, 
and others, finally also in nurslings. 

The clinical examination of the muscle tonus is generally performed in 
dorsal position of the patient. Therefore, also the supporting tonus in 
anima Is was examined while the animal was lying on its back. It then 
appeared, that with normal animals in dorsal position pressure on the soles 
yielded far less supporting tonus than with the standing anima!. This 
difference was much less in decerebellated animais. The following observa~ 
tions are especially remarkable. They were made in a dog of which the 
right half of the cerebellum had been extirpated, in the stadium in which 
the anima I was able to stand again unsupported. 

We see from following tab Ie : 
firstly: that when the animal stands on one of the hindlegs the hindleg 

on the side of the extirpation had a weaker supporting tonus; 

1) Reactions emanating from the contralateral limbo 
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Dog Fox (6112 kg.) 
month after extirpation of the right half of the cerebellum. 

Standing on one leg 

In dorsal position 

Streng th of the supporting tonus in kilogrammes 

Right hindleg Left hindleg 

9 
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secondly: that the supporting tonus of this leg was as strong with dors al 
position as with standing; 

thirdly: that the supporting tonus of the contralateral leg was much 
weaker in dorsal position than in standing, so that with dorsal position the 
supporting tonus of the homolateral leg was stronger than that of the 
contralateral one. 

On doser inspection we observed that this decrease of the supporting 
. tonus of the contralateral leg was caused by the pressure on the back. 
This pressure mostly produces a distinct decrease in normal dogs, much less 
in decerebellated' dogs, whereas in decerebrated animals the rigidity of ten 
increases in dorsal position under the influence of labyrinthine stimuli. 

Also by other stimuli on the back the supporting tonus decreases as, 
e.g. taking hold of the dog with two hands by the skin of his back. This 
decrease also occurs with thalamusdogs. 

If a patient lying in bed on his back is examined, the ab domina I wall will 
tighten when palpation takes place. The patient is then told to keep calm, 
not to obstruct, so that then the tightening most often ceases. The reflex of 
the abdominal wall is then inhibited voluntarily, psychically. Quite similar 
phenomena are observable when investigating the tonus of the musdes of 
the extrimities, as weIl in man as in anima!. 

If you speak gruffly to a dog th at is being examined, the supporting 
tonus often disappears directly and neither touching nor pressure is of any 
influence. Every one knows that a dog's legs twitch abruptly when you 
speak to it gruffly. 

CONCLUSIONS. 

I. Normal standing is brought ab out by a number of extero~, and 
proprioceptive reactions and the centra of these reactions are situated in 
different parts of the centra I nervous system. 

11. All these reactions occur (most of them excessively) in decerebel
lated animaIs, and probably part of the aspect of the "cerebellar ataxy" 
depends on the excessiveness of these reactions. 

lIL Tonus and supporting tonus should be sharply differentiated, as in 
man and in anima I hypertonia is often attended with a decreased supporting 

52* 
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tonus; e.g. the hemiplegie leg shows most of ten less supporting tonus 
than the healthy one. 

IV. Touching of the sole is alone competent to alter the muscle-tonus 
of the whole body of an animal. a precise investigation of the muscle-tonus 
is, therefore, very difficult, and the description of th is investigation should 
always be accompanied by a minute report of the circumstances under 
which it took place. 

V. In the clinic the examination of the muscle-tonus occurs mostly with 
dorsal position of the patient. In animals this position (apart from the 
occurrence of labyrinthine stimuli) inhibits certain reflexes that increase 
the muscle tonus. 

Utrecht. Prom the Pharmacological Laboratory. 



Anatomy. - The Connection of the Cortex with the Neostriatum 
and Palaeostriatum in rabbits. By Dr. L. COENEN. (Communicated 
by Dr. C. U. ARIËNS KAPPERS and Prof. B. BROUWER). 

(Communicated at the meeting of September 24. 1927). 

The question if there are tracts. which connect the cortex and neo~ 
striatum (putamen and nucleus caudatus) or palaeostriatum (globus pallidus) 
has again recently stimulated many neurologists. Formerly it was generally 
believed. that a fibre-connection between cortex and striatum did not exist. 
In 1872 VON GUDEN mentioned as a result of his experiments that 
cortical lesions have no influence upon the corpus striatum. Also FLECHSIG 
(1876) and later WERNICKE emphasised that the corpus striatum is in
dependent of the cortex and has no connections with it. 

KINNIER WILSON (1914) af ter extensive investigation of experimental 
lesions of the neostriatum on monkeys found no degenerated fibres to 
the cortex. and concluded that a connection between striatum and cortex 
does not exist. The few degenerated fibres that he found he considered 
to be fibres which only passed the nucleus caudatus to reach the capsuIa 
interna. 

As late as 1919 C. and O. VOGT deny the existance of connections 
between cortex and striatum (nucleus caudatus and nucleus lentiformis). 
They regard the fibres which seem to establish such connections as 
fibres which pass the striatum to join the capsuIa interna. 

There were. however. some neurologists who believed such connections 
to exist. Among these were BIANCHI and D'ABUNDO (1886) who had 
removed the cortex from a dog and had found a reduction of volume 
of the globus pallidus and proliferation of the neuroglia in the nucleus 
caudatus and lentiformis; and MARINESCU who in 1895 af ter removal 
of the lobus frontalis. found with the Marchi method degenerated fibres 
running from this lobe along the frontal segment of the capsuIa interna 
to the nucleus caudatus in which they disappeared. RAMON J. CAJAL 
(1895). though granting that there were no direct fibres from the cortex 
to the striatum. found in rodentia (rat and mouse) that the fibres from 
the pyramidal cells of the cortex. which run to the capsuIa interna. send 
out collaterals to the striatum. DEJERINE. LONG and DEJERINE (1898) 
believed. that in cortical lesions in man no degenerated fibres could be 
demonstrated in the nucleus caudatus and the putamen but found in 
cortical and subcortical lesions a slight degeneration in the globus 
pallidus. In 1918 ECONOMO described as the result of a primary lesion 
of the corpus striatum degenerated fibres running to the cortex. 
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Especially however VON MONAKOW and MINKOWSKY gave us a clearer 
formulation of these vague conceptions. 

VON MONAKOW (1925) found af ter extirpation of the cortex in a dog 
a distinct atrophy of the corpus striatum. His collaborator MINKOWSKY 
removed several parts of the cortex in monkeys and got the following 
results : 

From the gyrus praerolandus fibres run to the nucleus caudatus and 
from the lobus frontalis to the nucleus caudatus as well as to the globus 
pallidus. He also confirmed the presence of pallido-frontal fibres. which 
had first been observed by VON MONAKOW. 

Recently KODAMA studying the development of the globus pallidus 
and corpus striatum in embryos found that the striatum subcallosum 
establishes an association between cortex and nucleus caudatus; and that 
in a fetus of 6 months myelinated fibres occur in the globus pallidus 
(oral part) which pass in the capsuIa interna and partly disappear in 
the corona radiata. KODAMA does not believe. that these are simply 
fibres which pass the striatum because they are caudally no wh ere visible 
in the peduncules. He believes that they disappear in the globus pallidus. 

For my experiments I used rabbits. The left side of the skull was 
opened and with a sharp spoon a part of the cortex was removed. a 
different area in each rabbit. As rigid asepsis as possible was maintained 
so th at no suppuration should affect the site of the lesion and thus 

Fig. 1. 

cause complications in the degeneration. The rabbits were allowed to 
live 18 days. when they were hanged and the brains treated af ter the 
Marchi method. 

In this way ten rabbits were operated and the following fields (af ter 
the map of WINKLER and POTTER) were removed. Fig. 1: 

1. field 4. 1 + 3 (area prae- and postcentralis). 
2. field 4. 1 + 3. 5 + 7 (area prae- and postcentralis and parietalis). 
3. field 4. 1 + 3. 5 + 7 (are.a prae- and postcentralis and parietalis). 
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4. field 4. 1 + 3. 5 + 7.22 (area prae~ and postcentralis. parietalis. 
temporalis superior). 

5. field 4.1 +3.5+7.17 1).18 1).29 (area prae~ and postcentralis, 
parietalis, striata. occipitalis. retrosplenialis). 

6. field 1 + 3. 5 + 7. (area postcentralis. and parietalis). 
7. field 1 + 3. 5 + 7. 22. (area occipitalis. parietalis. temporalis 

superior). 
8. field 17. 21. 22 (area occipitalis. temporalis media and superior). 
9. field 20. 21. 22 (area temporalis inferior. media superior). 

10. field 20. 21 (area temporalis inferior and media). 

Of these series I shaIl treat only the degenerations in the principal 
ones and af ter that give my conclusions. 

1. Serie 1. B. 205. Removed field 4. 1 + 3 (area prea~ and post~ 

centralis). 
The intention was to remove the left frontal pole. At the operation 

it was first thought that we were dealing with an anomaly of the left 
skuIl. and we therefore passed over to the right skuIl. Here. however. 
the same condition was found. so that now again the left side was 
further operated upon. Hence by this operation we cut the left as weIl 
as the right frontal pole. There was slight bleeding. The rabbit was 
killed af ter 18 days. The left as weIl as the right pole appeared to 
have been cut. As a re sult of the bleeding th ere was much infiltration 
at both poles. 

It may be stated that field 4 (area praecentralis. field 1 + 3 in part. 
(area postcentralis). and a very smaIl piece of 5 + 7 (area parietalis) 
(according to the map of WINKLER and POTTER) had been removed. 
Fig. 2 gives a sketch of the lesion. In section 18 we observed the corpus 

Fig. 2. 

I) I believe it better to eaU area 17 "area striata" and area 18 "area oecipitalis·'. after 
BRODMANN. 
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callosum on bath sides full of degenerative granulae. more on the right 
side than on the left. 

The centrum semiovale as weIl was more involved by this process on 
the right than on the left. Further. over the dorsal part of the nucleus 
caudatus a long line of degenerative granulae runs which inclines slightly 
to the side of the ventricular surface of the striatum (caps uia intima 

PRECECHTEL. 1) From this line on the right side long lines of degene~ 
rative granulae were observed to radiate (fig. 3) which were not visible 
on the left side. 

The line at the dorsal side of the nucleus caudatus was also much 
smaller in extent on this side. 

Section 24. As weIl on the left side as on the right many degenerative 
granulae are seen at the side of the capsuia interna which borders the 
nucleus caudatus. These farm a long line of small islands. where the granulae 
are most numerous and whence strips of degenerative granules run to 
the nucleus caudatus (fig. 4). 

Serie 4 B. 176. Removed field 4 in part (area praecentralis). 1 + 3 in 
part (area postcentralis) 5 + 7 in part (area parietalis) and 22 nearly 
entirely (area temporalis superior). A sketch of the lesion in fig. 5. 

Fig. 5. 

Section 12. The corpus callosum on the right side is full of degene~ 
rative granules; on the left side there are none at all. Here are also 
many in the capsuia interna on the right. Again over the dorsal si de of 
the nucleus caudatus (capsuia intima) a long strip of degenerative granulae 
is seen to run from the beg inning of the capsuia interna (fig. 6 and 7). 

Section 16. Here also a degenerative tract is se en from the centrum 
semiovale and the fasciculus subcallosus along the dorsal edge of the 

1) The fibrelayer. which covers the corpus striatum (specially the nucleus caudatus) on 
the ventri-cular side. This capsuia intima is specially streng in the Elephant where it 

was first described by PRECECHTEL (1925). 
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Fig . 3. Degeneration in the capsuia intima. Serie 1. B. 205. (section 18). 

Fig. 1. Degenerated granules from the capsuia intern a to the nucleus caudatus. 
Serie 1. B. 205 (section 21). 

.... caps. 
interna 
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nucleus caudatus (fig. 6 and 7). At the dorsal side of the capsuia intern a 
one sees again an edge of degenerative granules. interrupted here and 
there. From here degenerative granules radiate to the centre of the nucleus 
caudatus (fig. 6 and 8). Further on from the capsuia interna tracts filled 
with degenerative granulae run to the centre of the globus pallidus 
(fig. 9). 

Section 17. N°. 8. Fig. 6 and 7 show a tract filled with granules. 
which runs over the dorsal ventricular lining (capsuia intima) of the 
nucleus caudatus. Further on the capsuia interna shows at its dorsal side 
a darker part. fiIIed with granules. here and there interrupted. whence 
degenerated tracts radiate into the nucleus caudatus (fig. 8). 

One observes as weIl rows of granules. running from the capsuia 
interna to the globus paIIidus (fig. 9). Fig. 7. 8. 9 show some of these 
degenerations enlarged. Fig. 7 shows the tract. which runs from the 
fasciculus subcaIIosus in the dorsal lining of the nucleus caudatus. and 
whence numerous degenerated strips continually run into the above 
named nucleus. 

Fig. 8. Shows strips of degenerated tracts running from the dorsal 
part of the capsuia interna into the nucleus caudatus and finally fig. 9 
shows the tracts which run from the capsuia interna into the globus 
pallidus. 

Serie IX. B. 209. Removed field 22 (temporalis superior) 21 (temporalis 
media) 20 (part of temporalis inferior) . Fig. 10 shows the lesion. 

Fig 10. 

Section 21. 1. Fibres at the dorsal side of the capsuia interna running 
in the nucleus caudatus (fig. 11). 

Section 23. Fibres from the capsuia interna to the globus pallidus 
(fig. 12). 

Resume of personal investigations. 

Serie 1. B. 205. Removed area prae~ and postcentralis. 
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Fig. 6. Degenerations on the dorsal side of the eapsula interna. 
Serie IV. B. 176. 

Fig. 7. Degeneration in the eapsula intima. Serie IV. B. 176. 

~nuc1eus 

eaud. 
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nucleus caud. 

Fig. 8. Degenerated granules from the capsuia interna to the nucleus caudatus. 
Serie IV. B. 176 (section 17). 

Fig. 9. Degenerated granules from the capsuia interna to the palaeostriatum. 
Serie IV. B. 176 (section 17). 

~Glob. 

pan. 
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Result: 1. Degenerated fibres from the fasciculus subcallosus run dorsally 
over the nucleus caudatus and pass into it. 

2. Degenerated fibres spread from the dorsal side of the capsuia interna 
into the nucleus caudatus. 

Serie IV. B. 176. Removed area prae- and postcentralis (both parti
ally) area parietalis (in part), and area temporalis superior (nearly the 
whole of this area). 

Result: 1. Degenerated fibres from the fasciculus subcallosus run 
dorsally over the nucleus caudatus and pass into it. 

2. Degenerated fibres from the dorsal part of the capsuia interna 
spread in the nucleus caudatus. 

3. Degenerated fibres from the capsuia interna run into the globus 
pallidus. 

Serie IX. B. 209. Removed field 22 (temporalis superior), 21 (tempo
ralis medius), 20 (temporalis inferior). 

Result: 1. Degenerat61d fibres at the dorsal side of the capsuia interna 
pass over into the nucleus caudatus. 

2. Degenerated fibres passing from the capsuia interna into the globus 
pallidus. 

In none of these series degenerated fibres can be seen in the putamen. 
There is no direct connection between the cortex and putamen. I found 
degenerations in the following series as weil: 

In series V, wh ere field 4 (area praecentralis), 1 + 3 (area postcentralis), 
5 + 7 (area parietalis), 29 (area retrosplenialis), 17 (area striata), 18 (area 
occipitalis) have been removed, degenerated fibres at the dorsal si de of 
the nucleus caudatus are distinctly visible, penetrating into the nucleus 
caudatus. 

In series VIII, where 17 (area striata), 21 (temporalis media) and 22 
(temporalis superior) and in series X, where the fields 20 (temporalis 
inferior) and 21 (temporalis media) have been removed, a distinctly 
degenerated fasciculus subcallosus and a degeneration in the nucleus 
caudatus could be observed energing from the dorsal edge of the 
capsuia. 

CONCLUSIONS. 

In rabbits a connection exists between the cortex and the nucleus 
caudatus and globus pallidus coming from the following parts of the 
mantle: 

1. There is a connection between the area centralis and temporalis 
and nucleus caudatus by fibres which run through the fasciculus subcal
losus partly under the dorsal ventricular lining of the nucleus caudatus 
and partly along the dorsal edge of the capsuia interna, passing into 
the anterior part of the nucleus caudatus. 

2. There is a connection of the area temporalis with the globus 
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Fig . 11. Degenerated granules from the capsuia interna to the corpus striatum. 

Serie IX. B. 209. 

Fig . 12. Degeneration of the capsuia interna to the palaeostriatum. 
Serie IX. B. 209. 
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pallidus by fibres, which run from the area temporalis into the capsuia 
interna and from here into the globus pallidus (palaeostriatum) (KAPPERS). 

3. There is no cortical connection with the putamen. 

Haarlem, October 1927. 
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Mathematics. Method of Calculating the mean Errors of the 
Standard Deviations, Coef[icients of Correlation. and Coefficients 
of Regression. with n linearly correlated Varia bles. By Prof. 
M. J. VAN UVEN. (Communicated by Prof. A. A. NIJLAND.) 

(Communicated at the meeting of September 24. 1927). 

For determining the mean errors and the mutual correlative relations 
of several characteristic correlation parameters (standard deviations. coef~ 
ficients of correlation. coefficients of regression etc.). PEARSON en FILON I) 
gave a method long ago. 

The present paper. treating only of I i n e a r correlation. follows -
in our opinion - a shorter way. gives moreover in the general case of 
n variables the mean errors of all the most important characteristic 
correlation parameters. and furnishes at the same time all the data 
necessary for computing the mutual correlative relations between these 
parameters. 

In treating the problem of the correlation of n variables n quantitative 
characteristics XI X2' • •• X n are considered. occurring with each of a great 
number (N) of individuals. . Each individual gives a set of values 

XI. Xl> • • • Xn· All the individuals together give for XI the mean [~] =XI • 

f h [X2] [Xk] X ( 
or X2 t e mean N = X 2• generally for Xk the mean N ' . k k = 1. 

2 •... n); the symbol [] denotes a summation over the N individuals. 
According to the theory of linear correlation. the set of the means 

XI. X 2 • ••• Xk. ... X n is the most probable one. 
Each individual value X k deviates from its mean X k by the amount 

[Xk] 
U k = Xk - X k = Xk - N; 

therefore each individual can also be characterised by its 
Uh • • • Uno The correlation being supposed to be linear. 
distribution of these sets among the different individuals is 
differential probability formula 

dW = K . e - {(ul' u, .... Un) dUI dU2'" dUn. 

set UI. U2 • ••• 

the law of 
given by the 

wh ere f(ui' U2 . .. .. un ) is a homogeneous definite quadratic form in the 

1) K. PEARSON and L. N. G . FILON : Mathematical Contributions to the Theory of 
Evolution : IV. On the Probable Errors of Frequency Constants. and on the InHuence of 
Random Selection on Variation and Correlation. Phil. Trans. series A. Vol. 191. (1898). 
p. 229. 

53 
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magnitudes Uk. K being a constant. the value of which can be deter
mined by the condition 

+00 +00 +00 

,I··· J ... JdW=1 (1) 

Writing {(UI' U2 • •••• u n ) in the form 

n n (2) 
{ t (PIl u~ + 2P12 UI U2 + .,. + 2Pkl Uk U, + ... + Pnn U~) ! 
= t I I P"i3 u'" Uil • 

.. =1/3=1 

and putting 
PIl' ...• PIn 

p= I Pk11 = ~12"'" f2n • 

PIn' ...• Pnn 

K appears as 

K= V(in)n ; 
whence 

_ V]5 -f 
dW - ~-n e dUI'" dUn (3) 

(2n)2 

So the 
n(n-l) 

probability formula contains n magnitudes Pkk and 2 

magnitudes Pkl. the values of which must be determined empirically. i.e. 
be deduced from the observations. 

They are determined in the simplest way by calculating the quadratic 
means 

[Uk
2

] [Uk ud 
mkk= N and mkl=~ • 

By equalizing the theoretical expressions for mkk and mkl to the values 

empirically found. we obtain n + n(n;-l) = n(ni 1) equations for de ter-

.. h n(n+l) . d 
mmmg t e 2 magmtu es Pkk. Pkl. 

The theoretical expressions for mkk and mkl run 

+00 +00 

mkl ,f··· fk UI dW. 
Ut=-OD IZn=-Ot 

Putting 
+00 Je- f 

dUI ••• dUn = J. 
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we may write. by means of (3). the equation (1) in the form 

VP.I= 1 
or 

I=P-'/,. 

Differentiating both members of this equation with respect to Pkl. 
we find 

af _ 
Now we have (because ~ - Uk UI) 

UPkl 
+00 +00 

Ol 1 J j' -fd d _ 1 ~ =-- ... Uk UI e UI'" Un--,/T;.mkl. 

UPkl (2n)Tu,=_00 un'=-oo v P 

(4) 

In differentiating the symmetrical determinant P it would be advisable 
to consider it as resulting from the non-symmetrical determinant P' 
(in which Pik ~ Pk/). 

Representing the subdeterminant. or minor. of Pkl in the determinant 
P (resp. PI) by Pk/ (resp. P\z). we have 

Hence from (4) en su es 

or 
Pkl 

mkl=p' 

Differentiating with respect to a coefficient pa with equal subscripts. 

we find (in virtue of À af = -2
1 

Uk 
2 î 

UPkk / 

+ .. +00 

al" J 
apkk =- t· (2n)Tu,=_~·· f 2 -fd d - 1 

Uk e UI"· U n - - 2 Vp' mkk. 

Un=-OO 

and 

whence 

53* 
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So the equation 
Pkl 

mkl=p' 

holds equaUy good in the case I = k. 
Now 

n n 

I P i« Pix =P , I P t« Pj« =0 
«=1 _=1 

or, introducing the symbol Wij defined by 

Eor j =j=. i, 

Eor j =j=. i, 
n 

I Pit( Pj« = Wij p, 
«=1 

or, in consequence of (ld), 
n 

I mi {( P j " = Wij • 
,,=1 

Comparing this relation with 

we find 

moreover we have 

or 

n 

I mi" M j ,,= Wij. I mkll = wijM, 
"=1 

IM··I 1 P=\p 1=_'_1 =-
tj Mn M' 

P.M=l 

(5) 

(Ic) 

The equations (Ia), (Ib) and (Ic), weU known in deed sin ce long, give 
the relation between the magnitudes mkl and the magnitudes pkl. This 
relation is reciprocaJ. 

Besides the quadratic means. mkl, the biquadratic mean 
+00 

mijkl J ... 
will also be calculated. 

Un==-OIt 

To this purpose we differentiate both members of (4) with respect 
to Pij. 

So we find 
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Now 
+00 +00 

eN 1 f' f -fd d _mijkl = + - . . . Ui UJ Uk UI e UI . .. U" - V-p . 
àpkl àpij (2n)~"I~_00 ""=-00 

Further 

à2P o ( op' OP') à (àP' OP') - -+- +- -+-
àPij àPkl àPlk àPJi àPkl OPlk -

Pk'l .. . IJ 

= P~l. ij + PI~. ij + P~I.Ji + P;k.}i· 

is the complementary minor of 1 Pij Pi I \; therefore 
Pkj Pkl 

Likewise: 

Hence 

and 

P' =Pi'j P~l - Pi;P~j _ Pij Pkl-Pil PJk 
k!.ij P' - P 

P' =P/j P;k - Pi~ P~_ Po P kl - Pik PJI, 
Ik.lj P' - P 

P' =Pj; P~I- P;I P;, __ p'J Pkl - Pik PJI 
kl,ji P' - P 

Pij P kl - Pil PJk 
P 

02p 4 PIJ Pkl - 2 Pik P jl - 2 Pil PJk 

àpkl àpo P 

02[ mij kl - 8 Pij P kl + 4 Pik Pjl + 4 Pil Pjk + 12 Pij P kl 
àpkl àpij = Vp = 4 pS/. 

_ Pij P kl + Pik P jl + Pil PJk 
p2Vp 

therefore. by (Ia). 
miJ kl = mij mkl + mik mjl + mil mJk (6) 

This formula holds equally good in the case that two or more of the 
subscripts i.j. k.l are equal. 

H the actual set of observations is supposed to be repeated 
many times. the magnitude mkl will generally take different values. 
Should the different sets of observations not diverge too much from 
each other. these values of mkl will be rather c10sely grouped about 
their mean -;;k/. The number of repetitions increasing perpetually. the 
limit to which mkl approaches may. with some reason, be called the "true" 
value of mkl. 

As. in reality. we have to operate with only one set of observations, 
this true value -;;kl is merely hypothetical. H. however. we succeed in 
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calculating the mean value of the difference between the mkl actually 
found and the hypothetical true value ;kl. we are enabled to estimate 
the uncertainty of the mkl actually found. 

A certain set of observations (for instance the actual one) giving for 
mkl the deviation 

6.mkl = mkl - ;;ikl 

from the true value (which deviation may be called the er r 0 r of mkl). 

the square of the mean error of mkl is: 

E2 (mkl) = 6. mkl 2• 

The set of observations being repeated hypothetically. a function 
f{J (mkl) of the magnitudes mkl will oscillate about a mean value -;p and 
will have - in each particular set of observations - an error 6. rp = rp - q; 
depending from the errors 6.mkl according to the formula 

n n arp 
6. rp = I I a- • 6. mkl. 

k=II=1 mkl 

the coefficients ;" orp of this formula havihg properly to be calculated by 
Umkl 

means of the true values of mkl. 

The square of the mean error of rp is 

_ (n n drp )2 n n n n drp arp 
E 2 (rp) = 6. rp2 = I I a'-- 6.mkl = ~ .~ ~ ~ d----:-:- a- 6. mij 6. mk/ . 

k=1 1=1 mkl 1-1 )-1 k-1 1-1 m,) mkl 

The values of mij. mkl to be substituted in the coefficients of 
/:).mij 6.mkl must also be the true ones. 

Now it is necessary in the first place to determine the magnitude 
6.mlJ 6.mkl. 

thus 

ti mij 6. mkl (mij - mij) (mkl - mkl) = miJ mkl - miJ' mld. 

We have further 
------

---_ [Ui Uj] [Uk ud _ [Ui Uj Uk UI] + [[Ui Uj u~ U;]] 
mijmkl-~.~- N2 

In the sum [] each of the N terms corresponds to one distinct indi~ 
vidual. The sum [[ ]] on the contrary. runs over the N (N-l) terms 
Ui Uj Uk UI. the factors Uk UI of which correspond to a not her individual 
than the factors Ui Uj. As in repeating the set of observations. each 
individual undergoes changes to be considered as independent of the 
changes of another individual. we may con si der the two products Ui Uj 
and u~ U; in the sum [[Ui Uj U~ U;]] as independent of each other. and 
we may therefore write 

[[Ui Uj u~ u;]] = N (N - 1) mij' m kl • 
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Hence we obtain 

and 

1 
or, since N [Ui Uj Uk ud is the empirical value of mij kl, 

(7) 

We can put (7), by means of (6), in the form 

1 - - --
IJ. mij IJ. mkl = 'N (mik. mjl + mil • mjk) , 

or, replacing the essentially unknown "true" values mik, etc., by the 
values mik, etc., actually found (the only ones we have at our disposal) 
which at any rate approximate to the true values, 

This fundamental formula will prove useful in calculatïng all the mean 
errors desired. 

We shall, firstly, as an application of (lIa), derive the mean error 
of mkk. For this we find 

thus 

ma being the square of the standard deviation Ek of Uk, 50 that 

Ek = V mu, 
we have 

hence also 

E ( ) - E (mk~_vmkk 
Ek -2V-- 2N' 

mkk 
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from which derives the well~known formula 

Ek 
E (Ek) =v-

2N 
We shall. secondly. calculate the mean error of the coefficient of 

correlation of second order: 

Ykl=V . 
mkkmll 

- 4 mkk mkl mil (mil 6. mkl6. mkk + mkk 6.mkl6.mll)] 

or. by means of (Ila). 

E2 (Ykl) = -4 N 1 3 3 [mkl 2 mll2 . 2 mkk2 + mkk2 mkl 2 • 2 mll2 + 
mkk mil 

+ 2 mkk mkl 2 mil. 2 mkl 2 + "1 mkk2 m/l2 (mkk mu + mk/ 2)

- "1 m"" mkl mil (m/l. 2 mk/ mkk + ma. 2 mkl mil)] 

_ (mkk mu- mkl2)2 NI (1 - Ykl2)2. 
N mkk2 mu2 

whence the equally well~known formula 

E ( )
_1 - Ykl 2 _ 1 mkk mu - mk/2 

Ykl - VN- -VN· mkkmll 

is found . 

.. 
From I P,,, m"ll = (1)'(3 

,,=1 
(see (5)) 

ensues .. .. 
I m"ll 6. Pi" + I Pi" 6. m"(l = O. 
«=1 «==1 

or .. .. 
I m"ll 6. P,,, = - I Pix 6. mail . 
,,=1 "=1 

Further 
ft ft ft n 

I Pill (I m,,{l 6. PI") = - I I PiX pj{l f::, m,,(3. 
{l=l ,,=1 "=1 p=1 

or 
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Likewise 
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n n n n 

I (I pp m"8) 6. PIX = - I I pi" pj{l 6. m,,(3. 
,,=1 (l=1 ,,=1 {l=1 

n n n 

~ Wj" 6. PiX = - I I Pix pj{l 6. m,,{l. 
,,=1 "=1 (3=1 

n n 

6. Pij = - I I pi" pj{l 6. m,,(3. 
,,=1 ~=1 

n n 

6. Pkl = - I I Pkr PiJ 6. mrJ. 
r=1 J=1 

wh en ce 

or 

n n n n 

L Pij 6. Pkl = I I I ,I pi" pj{l pkr PiJ. 6. mx{l 6. mr. 
,,=1 {l=1 r=1 J=1 

1 " n n n 

= N,I ,I I I PiX pj{l pkr PiJ (m"r m{lJ + m"J m{lr) 
,,=1 {l=1 r=1 J=1 

In" n n n n 

= N I ,I Pi" pj{3 (,I Pkr m"r . I PiJ m{lJ + ,I Pkr m{lr • ,I PIJ m"J) 
"=1 {l=1 r=1 J=1 r=1 J=1 

So the magnitudes Pkl appear to satisfy the same law of 
er r 0 ras t hem ag n i tud e s mkl. 

Pram 

we have yet 

n n 

L Pkl = -,I I Pkr PiJ 6. mrJ 
r=1 J=1 

6. Pkl6. mij = - i i pkr PiJ 6.mr J 6.miJ = 
r=1 J=1 

1 " n 1 
= - N I ,I pkr PiJ (mw mjJ + mij mj'Y) =- N (Wik Wjl + Wil Wik); 

r=1 a=1 

and likewise 

whence 
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n n 

6. M = I I Mrxf! 6. m,,~ 
"=1 {3=1 

or 

Likewise 

n n n n 2M 
6. M2 =,,~ {3~1 M~f! 6. M 6. m~p=!1 ~1 M P"i" . N m~p = 

2M2 n 

N ,,:; (l~ P"f5 mrx~, 
or, since 

n n n 

I I P"p m~p = I W~rx = n, 
"=1 (>=1 a=1 

2nM2 

N ........ (11 8
) 

Likewise 

6.P2=2;J2 ........ (I tb) 

6.M 6.Mkl = 6.M (pkl 6.M + M 6.Pkl) = Pkl 6.M2 + M. 6.M 6.Pkl. 

Now 
I 

6.M=- p2 6.P=-M26.P, 

th us 

6. M 6. - M2 6.P 6. - M2 2P _ 2M Pkl - - . Pkl- - . N Pkl- -N Pkl. 

whence 

or 

6.M 6.Mk1 =2(n-~M M kl . . . . . . (12a) 



833 

Likewise 

6 6 2 (n- 1) P Pkl ( b) P. Pkl = N ...... 12 

or 
1 

6Mij 6mkl= N 1 2 Mij mkl- M(Wik Wjl + Wil Wjk) I • • (13") 

in particular 
1 

6Mkl 6mkl = N (2 M kl mkl - M) voor l-=j= k. 

2 
6Mkk 6mkk= N (Mkk mkk - M). 

Likewise 

6 Pij 6 Pkl = ~ 12 Pij Pkl- P (Wik Wjl + Wil Wjk) I . . . (13 b
) 

6Mij 6Mkl = (Pij 6M + M 6pij) (pkl 6M + M 6pkl) 

or 

= Pij Pkl 6M2 + M (pkl /::,M 6pij + Pij 6M 6pkl) + M2 fj,Pij 6Pkl 

_ 2nM2 M( 2M 2M ) M2PikPjl+PilPjk 
- Pij Pkl-----r:J'- + Pkl. - N Pij +pij . - N Pkl + N 

_2nM M 4: M M + MikMjl+MilMjk - N ij kl - N ij kl· N . 

1 
6.Mij 6.Mkl = N 12 (n-2) MijMkl + MikMjl + Mil M jk I . (Ha) 

Likewise 
1 

6Pij 6Pkl = N 12 (n-2) Pij P kl + Pik PJI + Pil Pjk I . (14b
) 

As a further application we shall calculate: 
10 the mean error of Pkk. 

- - 2 
E2 (pkk) = 6Pkk2 = N Pkk 2• 

thus 

1/2 1/2 M kk 
E (pkk) = N' Pkk = V N· M . 

Putting Pkk = 2 hk2 

or 

h - 1/Pkk_1/Mkk (15A) 
k- V 2-V 2M ...... . 
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we find 

or 

1 1 VMkk 
E (h k) = V 2 N hk = 2 V N . M' 

2° the mean error of the magnitude AkI. defined by 

1 _ Pkl 
Akl-V 

PkkPU 

which is built up of the magnitudes Pkl in the same manner as 'Ykl of 
the magnitudes mkl. 

Since the magnitudes pk/ follow the same law of error as the mkl. 
we find. analogically to (9B): 

Here we have 

thus 

Analogically to 

E( l )_1-Ak/2 
AkI - VN 

M kk Mil - M kl 2 M. M kk.ll 
MkkMll - MkkMu • 

E (1 ) __ 1_ M. M kk. ll 
AkI -VN° MkkMll 

('Ykk = 1) . 

we may write for the coefficient pk/: 

Pk/ = 2 AkI hk hl (Akk = 1) (17b
) 

- AkI is also called the par ti a 1 c 0 e ff i c i ent 0 f co r rel a t ion 
bet wee n Uk a n d UI 0 f 0 r der n - 2. i.e. the coefficient of correlation 
between Uk and UI. the remaining n - 2 variables UI •••• (Uk UI) .••• Un 

being kept constant. Sometimes it is designated by the symbol of the 
coefficient of correlation. the subscripts of the variables kept constant 
being placed af ter the subscripts I). k. 1. thus 

- Akl = 'Ykl; I ... (kl) ... n • 

or. since the former subscripts (primary subscripts) as a matter of course 
do not appear among the subscripts on the right (secondary subscripts). 

- AkI = 'Ykl; I ... n' 

In the ordinary coefficient of correlation all the n - 2 remaining 
variables are left out of account. th at is to say: their variability is 
taken into account to its full extent. The analytical meaning of this is 
integration along these variables. 

I) See G. UDNY YULE: An Introduction to the Theory of Statistics. London. Griffin 
& Co.. p. 229 ff. 
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By integrating only along one variabie, e.g. Uot, we retain a formula 
of distribution in the n - 1 variables Uk, k =t- a. Denoting the coefficients 
of the homogeneous quadratic form (which before integrating along Uot, 

were t Pk I) in this case by 

whence 

~ p(,,) - '(ot) h(") h(ex) 
2 kl - Aki • k' I (k =t- a, I =t- a), 

P
(ex) 
kl 

À(ot) - -:-;==== 
kl - Vp(ot) p(cx) 

kk' 11 

then - Àk~) is a partial coefficient of correlation between Uk en UI of 
order n - 3, which we mayalso designate by 

_À(cx)-
kl - )'kl: 1. .. (ex) •.• n' 

We find 

and therefore 
, (ex) _ Àkl - Àotk. Àott 
Aki -V . 

l-Àcxk 2 • VI-ÀotI2 

Because the magnitudes Pk~) in the formula of distribution for the 

n-l variables Uk (k =t- a) play the same part as the Pkl in the complete 
formula of distribution, we have also for the pk~): 

6. p("). 6. p(")=~ (p(C<). p(") + p(ex). p(ex»). 
ij kl N ki jl iI jk 

The mean error of Àk~) too is, in the same way, connected with Àk~) 
as E (Àkl ) with Àkl ; hence 

Since 

and 

we have 

with 

1 À(")2 _M"".k.k.. M"".ll - M"".k.12 _M"". M"". k.k.. U 

- kl - M"".k.k. M"".u - M"".kk. . M"".u ' 

--l")- -M"".kL 
)'kl: 1. .. (ot) .. . n - kl -V M 

M"".kk. "".n 

M"".M"".k.k..U 
VN·M"c<.k.k..Ma.a..u· 
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We have also to deal with the partial standard deviation of 
or der n - 1 (bedingte Streuung). i. e. the standard deviation of the 
variabie Uk. the UI (I f:- k) being kept constant. 

Representing this by Ek; I ... (k) ... n. or. more simply, by Ek; I ... n. we have 

1 1 M 
E2 -------k: I ... n - 2hk2- Pkk - M

kk
' 

or 

Ek:l .. n= hk~2= y !k' 

So the mean error of Ek : I . .. nis. according to (15B
). 

1 1 hk 

E (Ek : 1. . . n) = hk2V"2' E (h k) = hk2Vl" V2 N' 

or 

A partial standard deviation of order n - 2 (for instance of Uk) is 
obtained by keeping constant only n - 2 variables. and leaving only 
one. for in stance u" (0 f:- kl. out of account. or. analytically spoken: by 
integrating along u" . 

Then we find 

1 
Ek: I ... (") . . . n = V

p
(") 
kk 

1 VM"-,, 
(,,) - ---.. 

h k .V2 M"".klc 

with 

E( ) Ek:l .. . (e<l. .. n 'V' M"" 
Ek:I ... (") . . . n V N -= 2NM .' 

2 "".k.k. 

By carrying on this process. i.e. by integrating. besides along Uc<, 

also along U3 (fJ f:- kl. we obtain the partial standard deviation of order 
n-3: 

with 

1 1 
Ek: I .. (''-') ... n = Vp(c<P) = hk"p) . V 2 

kk 

E (E , ) - Ek : I .. . ("1') . .. n - V-M",,,.fo~ . (15B)" 
k:I ... (",') ... n - V N - 2NM 

2 "C<. f,'.kk. 

and the partial coefficient of correlation of order n - 4-: 

__ ;y'p) _ - M"". fop. kl 
Ykl;1. .. (c<,sl. . . n- kl - V . M 

M"".fop.k.k. ,,,,.fop.U 
with 

E ( ) __ 1_ M"".pfo· M""'.fop.kk..U 
Ykl:I ... ("p) .. . n -V-'M M 

N "". pp. kk . "". fop. U 
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Integrating along u". u", Uï. • •• (all different from k and I) we only 
have. starting from the formula for the complete set of variables. to 
free the determinants M. M kb M k1 • Mil. M kk.ll of the rows and columns 
corresponding to the subscribts a. (J. y •..• 

Proceeding in this way to the end. then in (15A )" and (15B)": 

MIXIX,f!P,"(I ... ends in mkk. M,,"',/'/',T/. .... kk in 1. and in (16 A )" and (16B
)": 

M"IX, [j~, ,/,/, .. ends in mkk mil - m kl. MIX", f3f3.,ïï .... kl; in mil • MIXIX. {3{3. '1"1 • •.. kl 

in - mkl. M"". {3{l. TI • ... U in mkk and MIXIX. {3{3. n. ... kk.U in 1. 

So we find for the standard deviation of order 1 

1/ mkk . 
tk = V-l- wlth 

and for the coefficient of correlation of order 2: 

. _ 1 mkk mil - mkl 2 _ 1 ( 2) 
wlth E(Ykl)-V-' -V- 1-Yk1 N mllmkk N 

in conformity with the formulae (8A.B.9A.B). 

Finally we will treat of the coefficients of regression. 
Resolving the equation 

with respect to Ui. we obtain the so~called e q u a t ion 0 f reg re s s ion 
for Ui. viz.: 

n Pik 
Ui = - Z - . Uk = Z ei Ik; I " . n • Uk . 

k=1 p.. koki 
k::b u 

The coefficient 

Pik lik hk Mik ti; I ... n. (18 A) 
(Jilk;l ... n=--=--h. =-M .. =Yik;l . .. n' 

P ii ' 11 tk; I .. . n 

is called the coefficient of regression of order n-2 of Ui with 
re spe c t t 0 Uk. 

Obviously the subscripts i and k may not be changed. 
From 

" _ Pik 6 Pij - Pij 6 Pik 
L..J. (J. - -----;;---. 

,Ik; I ... n P .2 
i' 

ensues 

E2 ((J . )=(6e. )2 = Pik 2'7S:P,} - 2 Pij Pik' 6Pii 6 Pik +P}·7IP::2 
,lk; I ... " ,Ik;!. .. n p .. 4 

Pi/' 2p} - 2 PijPik . 2Pii Pik + p} (Pii~kk + Pik 2) 

Pii Pkk-Pik 2 

Npi/ 

Npi/ 

Mij M kk - Mik 2 M. M ii• kk 
NMi N.Mi 
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or 

E (e. ) = ~1 _ 1 / M . Mii, kk • (18B) 
,lk;I , .. " M ii V N 

Integrating along Uo: (a :p i, a =f k) we obtain a coefficient of regression 
of order n-3 : 

p(a.) (0:) (0:) M 
ik lik hk 0:0: , Ik e ------------

Ilk,I .. ,(") , .. ,,- p(o:)- h ("') - M"",'i-
u , 

!(18A )' 

Ei ; I ... (iX) .. . " = rik; 1 ... (a.l. .. " • E • 
k; 1 ... ("') .. . " 

with 

E ( . ) = _1_1 / MO:rJ..MrJ.o:.ii.kk • 
e,lk ; I ... (rJ.) •.. " M"",.ii V N (18B )' 

Like",:ise. integrating along Uo: and Uj3 (a and f3 different from i and k) 
we arrive at a coefficient of regression of order n-4: 

_ M"'O: .(l(l,ik_ Ei;1. .. ("'3) .. . n 

ei lk;I ... (a.{3) ... " -- M "3 " -rik; I .. (iX,B) ... ,,· Ek, (0) •• 
"~. PI • U • 1 . .. «. . •. n 

with 

E (e ) 1 VMa.o: , (l{3 • M",,,,, (l{3. ii. kk 
ilk;I .. . (",1) ... " =M {3~" N . 

"~. 1.1 ,u 

Finally we retain in M",,,. flj3. 'Y'Y. . .. only mii mkk-mik 2. in MiX"', {3j3. 'Y'Y • . . . ii 

only mkk. in M """, (l{3. 'Y'Y • . . . ik only -mik. whilst MrJ.". (lj3. 'Y'Y, .•. ii, kk passes 
into 1. 

So we find for the coefficient of regres sion of order 2: 

with 

The correlative relation between two parameters q and r 
is given by their coefficient of correlation 

6q6r 
r (q. r) = E (q) . E (r) 

Now the parameters (such as pkl. mkl. rkl: 1. .. (iX,') .. ". ei Ik: 1 .. . (a.;3) ... n etc.). 
being simple functions either of the magnitudes PH (and P). or of the 
magnitudes mkl (and M). or. eventually. of M kl or Pk1 • and the values 

of the mean products 6Pij 6Pkl etc. being already determined. we can 

compute 6q 6r without trouble; moreover the values of E (q) (resp. E (r) ). 
have already been calculated precedently. 

So the calculation of r (q. r) does not give rise to new difficulties. 
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Chemistry. - The Essential Oil {rom the Leaves o{Caesalpinia Sappan L. 
(Provisional communication). By Prof. P. VAN ROMBURGH. 

(Communicated at the meeting of September 26. 1925). 

Many years ago J) I obtained by steam distillation of the leaves from 
Caesalpinia Sappan L. (the tree th at yields the weil known Sappan 
wood) 0.16-0.2 % of a pleasant smelling. almost colourless essentialoil. 
The specifk gravity of the oil was 0.825{28° and it showed astrong 
dextro~rotation. The figures found for the rotation differed for samples 
extracted upon different days. this may have been due. partly to the 
age of the leaves and partly to the duration of the distallations. The 
extreme values were + 75°and + 100°30' in a 2 dcm. tube. 

The bulk of the oil distilled at 170°. another fraction was collected 
up to 250°. a vis co us colourless residue remaining in the fIasko When 
the fraction that boiled at 170° was redistilled. it appeared to poly~ 
merise partially. Af ter repeated fractionation the liquid boiling at 170° 
showed a dextro~rotation of 125° in a 2 dcm. tube. 

The odour of the oil was similar to that of phellandrene. and on 
account of the considerable quantity of phellandrene nitrite th at separ~ 
ated wh en the oil was treated with sodium nitrite and acetic acid. (the 
weIl known reaction for that hydrocarbon) one would be inclined to 
con si der phellandrene as the principal constituent of the oil. 

During the year 1902. I extracted a greater quantity of the oil. 
obtaining from 139 kg. of fresh leaves. 410 C.C •• i.e. a yield amounting 
to almost 0.25 Ofo. The specific gravity (0.841{26°) was found to be 
higher than that of the oil extracted six years before. It showed a 
rotation of + 76° in a 2 dcm. tube. 

Af ter the oil had been kept in a weil closed bottle for over 23 years. 
it was found that the specific gravity had risen to 0.865{22° and that 
contents of the bottle had become more viscous and slightly darker in 
colour. 

The low specifk gravity (0.825{28°) of the previous oil sample. had 
al ready made me doubt whether phellandrene was indeed its principal 
constituent. In order to ascertain whether this was the case. the oil was 
subjected to more careful investigation. and was first fractionated in 
vacuo. About one~third of the oil distilled between 65-700 {20 mmo and 
had aspecific gravity of 0.813{22°. When this fraction was heated 

I) Report on the State of 's Lands Plantentuin (Botanical Gardens) at Buitenzorg (Java), 
1896. p. 48. 
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with sodium on the water bath and finally distilled of this metal. neither 
the boiling point nor the specific gravity of the liquid had altered. 

By means of a second fractionation. the liquid was divided into two 
fractions having a difference of rather more than 1 ° in their bOiling 
points. In both cases the specific gravity was found to be 0.813/22°. 
The liquid of specific gravity 0.813/22°. which I shall now call "hydro~ 
carbon Caes". showed a rotation of + 59°59' in aldcm. tube. while 
the original oil extracted during 1902 now showed a rotation of + 34°19' 
in aldcm. tube. The "hydrocarbon Caes" had a refractive index of 
n~o = 1.473 and gave the following results on analysis: 

C 88.06 Ofo H 11.67 % 
88.23 11.71 

calculated for ClQH I6 88.2 11.8 

In order to study the influence of distillation at ordinary pressure on 
this hydrocarbon. 10 e.c. were fractionated with the following results : 

0.5 
3 
5 

cc B.P. 1650 

165-168 
168-169 

0.819 
0.821 
0.823 

The residue in the flask boiled much higher. eVidently polymerisation 
had taken place. 

By refractionation of the combined fractions in vacuo. I obtained a 
liquid having d l7 = 0.818. 

Like phellandrene. the hydrocarbon Caes gives upon treatment with 
nitrous acid. a beautifully crystalline nitrite. which was prepared accord~ 
ing to the method WALLACH and GILDEMEISTER I). The melting point 
was found to be 112° and thus ag rees with the me!ting point of the 
nitrite prepared from d~a~phellandrene by WALLACH 2). 

Through the kindness of the weil known firm of SCHIMMEL & Co. of 
Miltitz. at my request two samples of phellandrene were placed at my 
disposal. for which I tender here my sineere thanks. This enabled me 
to compare my nitrite with the one obtained by WALLACH. and more~ 
over. to compare in many respects the hydrocarbon Caes. with the 
samples of phellandrene. The latter came from the laboratory of Prof. 
GILDEMEISTER ; one being d~a~phellandrene from bitter fenne! oi!. and 
the other being l~a~phellandrene from Eucalyptus oi!. 

It was now found that the nitrite from the d~a~phellandrene when 
mixed with the nitrite prepared from the hydrocarbon Caes. did not 
cause a lowering of the melting point. so that this hydrocarbon either 
contains this phellandrene. or. an olefinic terpene which by the action 
of nitrous acid is converted into the nitrite of this phellandrene af ter 
ring formation. We can accept the pres en ce of an olefinic terp ene upon 

I) Ann. 246. 282 (1888). 
2) Ann. 336. 15 (1904). 

54* 
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other grounds. for WALLACH I) gives 0.844/19° for the specifl.c gravity 
of d-a-phellandrene. Therefore another hydrocarbon having a lower 
specifl.c gravity must be present in the hydrocarbon Caes .. accepting that 
it contains phellandrene. As there we known no cyclic terpenes having 
a lower sp. gvo than 0.844. and whereas olefinic terpen es like myrcene 
and ocimene. have a sp. gvo of about 0.803. the hydrocarbon Caes .• if 
it is a mixture. should contain about 60 010 of an olefinic, perhaps 
optically active terpene. 

It is also remarkable that equal quantities of the two phellandrenes 
that I received from SCHIMMEL & Co.. and of our hydrocarbon. gave 
ab out the same quantities of nitrite by the action of nitrous acid. 

We attempted to prepare a crystalline compound from the hydrocarbon 
Caes. by the action of hydrochloric acid. but no solid substance could 
be obtained. the liquid however turned brown. 

If an olefinic terpene were actually present. it should be possible to 
add two atoms of hydrogen to this terp ene by means of the action of 
sodium and boiling ethyl alcohol. just as SEMMLER succeeded in doing 
with myrcene. and C. J. ENKLAAR. in this laboratory. with ocimene. 

20 grams of the hydrocarbon and 100 grams of absolute alcohol at 
boiling point. were treated with 30 grams of sodium. The hydrocarbon 
obtained by the reduction had the following constants : 

boiI.p.15 : 63°, dî~ = 0.800 

Analysis gave: 

aD = + 15.48 2
) 

C 87.54 010 
87.39 

Calculated for C IOH I8 : 86.96 

n~ = 1.4581. 

H 12.61 % 
12.70 

13.04. 

The hydrogenated compound readily absorbed bromine. Prom th is 
addition product. which was at first liquid. in the course of some weeks 
a few crystals separated. and af ter it had been inoculated with crystals 
of dihydroocimene tetrabromide 3). The crystals thus obtained melted at 
89.5-90.5° and the melting point was not lowered when they were 
mixed with a preparation of ENKLAAR's dihydroocimene tetrabromide. 
which melts at 91_92°. 

The hydrocarbon Caes. was also treated with acetic acid and dilute 
sulphuric acid. according to the method of POWER and KLEBER. which 
was also applied by ENKLAAR for the hydration of ocimene. 

The viscous alcohol obtained af ter the hydration boiled at 115 _122° 1 
30 mmo The quantity obtained did not allow of further fractionation. It 
had the following constants : 

n~= 1.484. 

An analysis gave results that indicated the presence of a mixture of 

I) Loc. cito p. 12. 
2) Calculated from the rotation of an alcoholic solution of 2S %. 
3) A preparation from the laboratory and made by Dr. C. J. ENKLAAR. 
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83 Ofo of terpene alcohol with 17 Ofo of hydrocarbon. By treatment with 
phenylisocyanate a liquid urethane was obtained. (Por comparison. 50 
grams of ocimene were hydrated in the same way. The ociminol so 
obtained gave with phenylisocyanate a good yield of a urethane having 
a melting point of 72° as was also found by ENKLAAR). 

If d-a-phellandrene is treated with acetic acid and dilute sulphuric acid. 
a liquid is obtained which boils above 1600 at 20 mm .• has a sp.gv. of 
0.94. and does not give an urethane. Probably a polymerisation product 
is formed. 

The hydrocarbon Caes.. and also the hydrogenation product prepared 
from it. proved to be highly variabIe in composition. when they were 
kept in a flask cIosed with a cork. It was found that the sp. gvo of a 
preparation of the hydrocarbon having 0.813/21°. had increased to 
0.856/16° af ter 4 weeks. and that the specific gravity of a preparation 
of the hydration product had increased from 0.800/21° to 0.825/22°. 

Wh en the changed Caes. hydrocarbon was again fractionated. it was 
possible to obtain from it a fraction which had d150 0.819. and which 
af ter hydrogenation gave a product having b.p./22 mmo 73_74° and 
d230 0.798. 

Por the present. the experiments described above lead to the con
cIusion that the hydrocarbon Caes. is either a mixture of d-a-phellan
drene (or perhaps another terpene) with an olefinic terp ene or such an 
olefinic terpene. 

The material with which to continue my researches is wanting. I hope 
however. in order that I m~y be able to eIucidate several obscure 
points. to receive some new material from Java. or to obtain it there 
myself. 

My thanks are due to Mr. J. A. VAN MELSEN. cand. chem .• who has 
assisted me with great zeal in these experiments. 

Utrecht. Org. Chem. Lab. of the University. 



Chemistry. - Formation of derivatives of dihydrobenzimidazole and 
tetrahydrochinoxaline by the action of acetic anhydride and zinc 
chloride on nitroderivates of alkylanilines. By Prof. P. VAN 

ROMBURGH and H. W. HUYSER. 

(Communicated at the meeting of June 26. 1926). 

Some years ago. at this laboratory. Mr. HOEJENBOS. chem. doct· .. 
allo wed acetic anhydride and zinc chloride to react on 3.6. dinitrodi~ 
ethylaniline. in order to introduce an acetylgroup. and thus to obtain 
an acetophenone derivative. Though this introduction did not succeed 
with dimethylaniline. Mr. HOEJENBOS obtained a beautifully crystalline 
product (mp. 127°), with the study of which, however, he could not 
proceed. 

Some time ago we have again taken up the investigation of this 
substance. and at the same time have studied the action of zinc chloride 
on other nitro~derivates of dialkyanilines. 

It was found that not only the nitro~compound, mentioned above, but 
also the 2. 4 . dinitrodiethylaniline, as well as the 3. 6.~ and the 2. 4. 
dinitro~. and also the 3.4.6. trinitro~dimethylaniline gave easily cryst~ 
allisable reaction products. 

The analyses of all these compounds, which were obtained as principal 
products in the reaction, indicated that one acetyl group had been 
introduced into the molecule, and that at the same time one mol of 
water had been removed. 

We thought at first that the acetylgroup which had been introduced, 
had replaced one atom of hydrogen in the benzene nucleus, but we had 
to give up this opinion, because a prolonged investigation proved that 
this acetylgroup could easily be eliminated by heating with 10 Ofo caustic 
potash solution, and could easily he reintroduced in some of the compounds 
which contained no acetyl group. The action of potash did not e1iminate 
amines, as is the case with the unsubstituted nitro~products. 

The analyses of the acetylfree compounds pointed to sub stances which 
had been formed out of the original substance by the removal of the 
elements of one mol of water. 

The question we had to solve was: what groups from the molecule 
had taken part in the formation of water. It was obvious to assume 
that the nitro~ and dialkylaminogroup, being ortho~situated, had to be 
considered. 
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The nitrated dimethylaniline derivates could then yield nitro~compounds 
of a substance to which might be given the following formulae: 

(I) (11) 

(III) (IV) 

III-IV are tautomerie compounds. 

The first and the second do not contain a mobile hydrogen atom which 
could be replaced by ac etyl. The two last. on the contrary. do. In these 
sub stances the oxygen~atom could perhaps be replaced by chlorine with 
simultaneous elimination of HCI. by the action of phosphorouspenta~ 
chloride. This proved indeed to be the case with the anhydrocompound 
out of 3. 6.~ as weIl as out of 3 . 4 . dinitrodimethylaniline. 

FinaIly. formuia 111 was confirmed by a synthesis. If. namely phosgene 
is allowed to react with 4. nitro 2. aminomethylaniline a substance is 
formed which is identical with the anhydro~compound formed from 
2 . 4 . dinitrodimethylaniline. 

Compounds formed by the reaction of acetic anhydride and zinc 
chloride on the suitable nitroderivates of dimethylaniline are therefore 
nitroderivatives of 1 . methyl 2. oxo 1. 2 . dihydrobenzimidazol l ). 

The products which are formed by the reaction of acetic anhydride 
and zinc chloride on nitrated diethylanilines are. as regards the results 
of the analyses. i.e. the empirical formulae. completely analogous with 
those of the methylderivates. If we assume this to be true. there are 
two possibilities: 

1. The hydrogen of the CHrgroup of the ethylgroup can react with 
elimination of water. and th ere will appear a compound of the type 

C2Hs 

ÓN<[CH' 
2. The hydrogen of the CH3~group of the ethylgroup can react. and 

H(l) 
-N, 

I) 1.2 dihydrobenzimidazol: :Of'I~'. 
5 
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there will be formed a compound of the type 

yHs 
N-----CH2 

O~-to 

In contrast with the methylcompounds the ethylderivatives are soluble 
in dilute acids. and insoluble in dilute alkalis. 

The formation of a nitroso-compound. whieh easily changes back into 
the original product by the action of strong hydrochlorie acid. makes 
the second possibility highly probable. 

Moreover. if the first formula is taken to be correct. we cannot explain 
why these substances so easily form an acetyl derivate. or whieh 
hydrogen-atom would be substituted in this case. 

By reason of what has been said above we are justified in deriving 
the anhydrocompounds obtained out of the dinitrodiethylanilines from 
a substance with the formula: 

or its tautomerie form: 
C2Hs 
N--CH2 

A I 
VN=COH 

They are thus derivatives of 1. 2 . 3 .4 tetrahydrochinoxaline: 

(1) H (2) 
-N--CH2 

8uAN_H6H2 
(i) (3) 

7 5 

6 

therefore: nitrated 1 . ethyl. 3 . oxo . 1 . 2 . 3 . 4 . tetrahydroquinoxalines. 

1. The reaction of acetic anhydride and zinc chloride on some 
nitroderivatives of dimethylanilines. 

In the following reactions.O. 5 parts of zinc chloride and 2 parts of 
acetie anhydride were taken with 1 part of the substance. whieh. with 
the dinitroderivatives. was heated under areflux condenser during 4 or 5 
hours. Then the somewhat viscous reaction mixture. was diluted with a 
little alcohol and poured into about 40 parts of water. The separated 
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product was dried and boiled with benzene. The substance crystallised 
from the benzene solution up on cooling. 

a. 3.6. dinitrodimethylaniline gives 6. nitro 1. methyl 3. aceto 2 . oxo 
1 .2. dihydrobenzimidazole (A). which melts at 185°-186° C. 

Analysis: C 51.19. 51.02 H 4 .05. 3.75 N 18.18. 18.01 
Ca\culated for ClQH9N30" C 51.06 H 3.83 N 17.87 
Determination of mol. weight (according to LANDSBERGER) 216. 219 calc. 235. 

The substance forms al most white needies. the cristals however contain 
1/" mol of benzene (found 7.9 and 7.6. calc. 8.2). 

If (A) is boiled with caustic alkali the acetylgroup is replaced by 
hydrogen. and a substance is formed which melts at about 272° c.. 
slightly brown. long needies (out of alcohol). which crumble into shorter 
crystals af ter a few days. 

This substance is an anhydrocompound from the original product. 
namely 6. nitro 1. methyl 2. oxo 1. 2 . dihydrobenzimidazole (B). 

Aitalysis: C 49.53. 49.83 H 3.73. 3.79 N 21.93. 21.72 
Ca\c. for C8H7N30 3 C 49. 7i H 3.63 N 21.76 

(B) was also formed when we tried to oxidize (A) with Cr03 in acetic 
acid solution. 

The substance is soluble in caustic potash; with strong caustic potash 
a potassium compound is precipitated. 

Treatment of (A) with iron in concentrated hydrochloric acid reduces 
the nitro~group. with elimination of the acetylgroup: 6. amine 1 . methyl 
2 . oxo 1 . 2 . dihydrobenzimidazole (C) is formed. which crystallizes as a 
hydrochloride with one mol of H 20. 

Analysis: C 41.20. 44.22 H 5.77. 5.75 N 19.30. 19.23 
Cl 16.42 16.47 

Ca\c. for C8H9N30.HCl+H20 C 44.14 H 5.52 N 19.31 Cl 16 .32 
The determination of water gave 8.21 ca\c. 8.28. 

By the reaction of phosphorouspentachloride on the anhydrocompound 
(B) dissolved in phosphorousoxychloride we get: 

CH3 

-N" 
('[ifCCI 

N02V 
that is: 6. nitro 1 . methyl 2. chlorobenzimidazole. 

Analysis: N 19.65. 19.62 Cl 17.0 
Ca\c. for C8H6N302Cl N 19.86 Cl 16.8 

b. 2. 4 . dinitrodimethylaniline gives a compoud (mp. 175°-176° c.) 
wh en treated with acetic anhydride and zinc chloride. 

Analysis: C 51.17. 51.33 H 3.92. 3 .99 N 18.00. 17.86 
Ca\c. for CIQH9N30" (e.g. N024H3 [NCH3' CO. NCOCH3]) C 51 .06 H 3.83 N 17.87 
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This compound is the 5 . nitro 1 . methyl 3 . aceto 2 . oxo 1 .2 . dihydro~ 
benzimidazole (D). 

Like the analogous 6. nitro derivative this substance changes into the 
acetylfree anhydrocompound by heating with diluted caustic soda. mp. 300°. 

Determination of nitrogen 21. 86 and 21. 87 N 
Calc. for CSH7N30 3 21.76 N. 

CH3 

/N"CO 

Th. fonnula may b. written, 0" 
N02 

So it is 5. nitro 1 . methyl 2. oxo 1 . 2 . dihydrobenzimidazole (E). 

By reduction with iron and hydrochloric acid (E) passes into the 
aminocompound analogous to (C). which crystallised as a hydrochloride 
with 1 mol of H 20 (mp. 320°-330° C. under decomposition). 

Determination of chlorine: Cl 16. Si and 16.17 
Calc. for CSH9N30. HCI + H20 Cl 16.29. 

By treating (E) with phosphorouspentachlorfde in a solution of phos~ 
phorousoxychloride colourless needies are formed of 5. nitromethyl 
2 . chlorobenzimidazole. 

Analysis: Cl 16.90. 16.91 N 19.70. 19.53 
Calc. for CgH6N30 2Cl Cl 16.78 N 19.86 

By the reaction of phosgene on 4. nitro 2. aminomonomethylaniline. 
dissolved in benzene. we succeeded in synthesizing (L). The substance 
obtained had the same mp. as (E) and did not lower the mp. wh en 
mixed with it. 

By boiling the compound (E) with glacial acetic acid we obtained the 
compound (D). mp. 175° C. 

c. 3. 4 . 6 . trinitrodimethylaniline also reacts with acetic anhydride and 
zinc chloride. but much slower. Instead of from 4 to 5 hours it is 
necessary to heat for 72 hours. The melting point of the reaction product 
obtained. which dissolves in alkali. and is then precipitated again by 
acids. is 294° C. It does not contain an acetylgroup. but according to 
the analysis. has the anhydrogroup of the original substance : therefore 
5.6 dinitro 1 . methyl 3 .oxo 1 .2. dihydrobenzimidazole (F). 

Analysis : C iO.36. iO . il H 2.55. 2.89 N 23.69. 23.64 
Calc. for CSH~405 CiD. 33 H 2.52 N 23.53. 

An acetylcompound of this substance is formed when (A) is nitrated 
with cold nitric acid. The mp. of the sub stance obtained. 5. 6 . dinitro 
1 . methyl 3. aceto 2. oxo 1. 2 . dihydrobenzimidazole (G) lies at about 
191° C. 

Analysis : C 12.70. i2 . 78 H 3.06. 2.88 N 20.08. 20.20 
Calc. for CoHsN40 6 C i2. 85 H 2.85 N 20. O. 
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Sy the reaction of caustic potash. the acetylgroup is substituted by 
hydrogen. and a product is obtained which has the same mp. and is 
identical with (F). 

2. The reaction of acetic anhydride and zinc chloride on 
dinitrodiethylanilines. 

a. Out of 3. 6 . dinitrodiethylaniline is formed a substance which 
crystallizes in almost white needIes. and which melts at 127°. 

Analysis: C 54.50. 54 . 55 H 5.20. 5 .03 N 16.18. 16.24 
Calc. for C12H13N304 C 54.75 H 4 .94 N 15.97 
Mol. weight (according to LANDSBERGER) Found 230 and 252. calc. 247. 

This substance is 7. nitro 1 . ethyl 4. aceto 3. oxo 1 . 2 . 3 . 4 • tetra~ 
hydroquinoxaline (H). 

Sy treating (H) with a 10 % aqueous solution of alkali. the acetyl~ 
group is replaced by hydrogen. and we get again the anhydrocompound 
of the original substance which melts at 206° C. 

Determination of nitrogen. Found 19.08 and 18.96 calc. for C IOHl1 N30 3 : 19.0N. 

This substance is 7 . nitro 1. ethyl 3. oxo 1. 2 . 3 . 4 . tetrahydroquin~ 
oxaline. (I). 

Sy treating with sodium nitrite in a solution of dilute sulphuric acid 
we get a nitrosocompound. which easily passes into the anhydrocompound 
again upon the addition of warm hydrochloric acid. 

It is highly probable therefore th at the nitroso-compound has the 
following structure: 

b. According to the weIl known reaction we obtain out of 2. 4 . 
dinitrodiethylaniline a compound which melts at 157° C. 

Analysis: C 54.21. 54.30 H 'i.18. 5.35 N 19.06. 19.05 
Calc. for C IOHl1N30 3• that is the 

original product. less 
1 mol. of H20 C 54.30 H 4.98 N 19.0. 

This substance will therefore be 6. nitro 1 . ethyl 3. oxo 1 . 2 .3 . 4 . 
tetrahydroquinoxaline. In this case no acetyl derivative was obtained. 

The synthesis of these quinoxaline derivatives is still under investigation. 
and in the Recueil des Travaux Chimiques des Pays~Sas we hope to 
enlarge up on the results mentioned in this paper. 

Utrecht. Organic~chemical Laboratory of the University. 



Mathematics. - A Representation of the Congruence of REYE. By 
Prof. JAN DE VRIES. 

ICommunicated at the meeting of September 24. 1927). 

1. The congruence van REYE is formed by the twisted cu bies P that 
pass through five fixed points Bk. Through a point M chosen at random 
there passes one bisecant b of a P; let the intersection P of b. with 
the fixed plane cp be considered as the image of P. The curve k~ through 
M has as images any point of the conie c2 in which cp is cut by the 
cone that projects k~ out of M. The intersection Ck of MBk is the 
image of each k 3 th at has MBk as bisecant. 

2. The points P of a line I in cp are the images of the curves P 
that have the rays of a plane pencil (b) as bisecants. These curves form 
a surface A of whieh we may find the degree by examining the inter~ 
section of A with the plane fJ123 _ BIB2B3' If DiS is the intersectiop. of 
of BiBs with the plane ;. of (b). BiS the intersection of BiBs ;""ith fJ123. 
EiS the intersection of fJ123 with MD4s, the conic BlB2B3B4SE4S together 
with the line BiBs farms a k3

• of whieh the bisecant D4SE4S belongs 
to the plane pencil (b). The intersection of A with fJ123 consists. accord~ 
ingly. of this conie and the lines BIB2' B2B3 and B3BI; the surface A 
is of the fifth degree and has triple points in Bk, The image of AS is 
the point range on I; as I contains two points of c2• k~ is a nodal 
curve of AS. 

The locus of the pairs of points that the curves P of A have in 
common with the rays of (b). is a curve ;'i with node M; together with 
a straight line m it farms the intersection of A with the plane À. of (b); 
m joins the . other points of intersection of k~ and the plane À.. Evidently 
A mayalso be considered as the locus of the curves P. that cut a 
bisecant m of k6' 

3. If I passes through the singular point Cl' 11 consists of the quadratic 
co ne Ki. that has MB I and the four lines BIBk as generatrices and a 
surface Ai with four conieal points Bk. 

The point range on Cl2 C l C 2 is the image of the figure consisting 
of the cones Ki. K~ and the plane fJ3iS' For any conie through B3' Bi' Bs 
and the passage Bl2 of BlB2 forms a k 3 with BlB2 of ~hieh a bisecant 
D I2E 12 passes through Mand cuts cp in a point of C12' 

4 . The curves P that cut an arbitrary line g. form a surface r s with 
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triple points Bk (§ 2). This contains. therefore. two curves P that also 
cut MBk outside Bh and that. accordingly. have their images in Ck. 
As g does not generally cut the curve k~ the image of r s can only 
meet the conie c2 in the points Ck • Hence the image curve is · a "S with 
double points C k ; it has a sixth double point owing to the k3 that 
cuts g twice. 

Two image curves 1'5 have Bve points in common outside Ck ; these 
are the images of the Bve k3 that cut g and g'. The corresponding 
surface r s have the ten lines BkBI in common besides these Bve k3. 

If g rests on k~. 1'S consists of c2 and a rational 1'3. If g is a bisecant 
of k~. 1'S is rep la eed by the cl whieh must be counted twiee. and a 
lioe I. 

The surfaces AS corresponding to two lines land 1'. have a P in 
common besides the ten lines Bk BI and the double curve k~; this P 
is represented in the point 11'. 

5. The P that cut a given con ie S2. form a surface .2 10 ; for f3123 

contains two conics k2 through BI. B2• B3 and B4s that meet S2 so that 
B4 Bs is a double line of .2 and the intersection of .2 with f3123 consists 
of these two k2 and the double lines BI B 2• B2 B3' B3 BI' As Bk is a 
sextuple point on .2 10• there are four P of .2 that have the line MBk 

as bisecant. Hence the image curve a of .2 has Bve quadruple points 
Ck ; as it caonot cut c2 outside C h the image of .2 is a aIo. As there 
exists a 0.1) correspondence between the point ranges an c2 and 010. 

010 is rational and has. therefore. six more double points. Accordingly 
there are six curves P that cut S2 twice. 

If S2 meets the curve k~. 010 is replaced by c2 and a 0 8 with triple 
points C k • If S2 rests on k~ in two points. the c2

• whieh must be counted 
double. is supplemented by a rational 0 6 with double points in Ck and 
Bve double points outside c2 owing to the Bve P besides k6 that cut 
the conic S2 twice. 

If S2 cuts the curve k6 th ree times. it replaces three of the six P that 
meet S2 twiee; the remaining th ree are represented in the double points 
of the rational ai, that together with the C22. whieh must be counted 
th ree times. forms the image of the system .2. 

6. The P that touch a given plane tp. form a surface 'PlO; its inter~ 
section with f3123 consists of the two conics k2 that touch tp and the 
three double lines BI B2 • B2 B3' B3 BI' The base points Bk are again 
sextuple so that the image curve has quadruple points in Ck and is a tplO. 

As f3123 contains two points of contact of Bgures P that belong to '1'. 
the locus of the points of contact of the P touching tp is a conic tp2. 

The plane tp has also a rational tp6 in common with 1['10; this has ten 
double points in the intersections of the lines Bk !31. 

The image curve tplO is rational and has. therefore. six double points 
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outside c2
; these are the images of six k3 that osculate the plane tp. 

The curves tp2 and tp6 touch each other in the six points where tp is 
osculated by curves P. 

The surface lJflO is formed by the curves k3 that rest on the conic 
tp2; hen ce it belongs to the surfaces 2,'10 discussed in § 5. As any plane 
contains a rational tp6 besides a conic tp2. lJflO mayalso be considered 
as the locus of the P resting on a tp6. 

7. An arbitrary conic q;2 in the plane q; is the image of a system rp 
of curves P that have the generatrices of aquadratic cone as bisecants. 
The image curve l's of the system of the P that cut a line g (§ 4). has 
ten points in common with q;2; accordingly the system rp lies on a 
surface rplO. 

The line Ckl (§ 3) cuts q;2 in the images of two composite k3• Conse~ 

quently rplO has two conics and three double lines in common with fJ123; 

this proves that the surface has sextuple points in the base points Bk. 
The four points of intersection of q;2 with c2 show that the curve k~ 
is quadruple on rplO. 

8. Let Q be the system of the P that have the generatrices of a 
quadratic cone w 2 with vertex 0 as bisecants; they form an QIO with 
sextuple points Bk and a quadruple curve (the k3 that passes through 0). 
This surface has ten curves k3 in common with the surface A5 of the P 
that rest on a bisecant of k~ (§ 2) and are represented by the points of 
a line 1. This image curve of the system Q is. therefore. a curve w lO• 

As w 2 contains two generatrices resting on BI B2 • th ere lie two conics 
through B3' B4' Bs. B I2 on QIO; hence Cl2 has two points besides Cl and 
C 2 in common with w lO and BI and B 2 are quadruple points. Conse~ 
quently the image curve l's (C~) has ten points besides C k in common 
with w lO ; they are the images of the ten P that rest on the line g (§ 4). 

The curve w lO has a sixth quadruple point; it is the image of the k3 

that passes through 0; the singular points of the w lO• as naturally 
rationaI. are. therefore. represented by six quadruple points. 



Physics.- The deviation trom LAMBERT'S law tor incandescent tungsten 
and molybdenum, By C. ZWIKKER. (Communicated by Dr. G. 
HOLST.) 

(Communicated at the meeting of September 24, 1927) 

According to LAMBERT'S law the amount of light. emitted by an incan~ 
descent surface in a direction which makes an angle a with the normal to 
the surface. is proportional to cos a. Therefore the apparent brightness of 
aluminous surface is independent of the angle at which we look at it. 

WORTHINO 1) has called attention to the fact that the intensity of the 
light emitted by incandescent tungsten varies considerably from LAMBERT'S 

eosine law. At an angle a = 75° the brightness rea eh es a maximum, which, 
according to this author. exceeds th at for norm al emission by about 16 %. 

In a previous paper 2) I had some reason to doubt the numerical value 
of this excess. Now new measurements have been performed all of which 
indeed give a smaller effect than was mentioned by WORT Hl NO. 

A tungsten ribbon filament was pyrometered optically at different angles 
with respect to the normal. The effective wavelength of the light used was 
in most cases 0.652 ft. 

Figure 1 shows the ratio of the brightness at various angles to the norm al 
brightness as a function of the angle a. The three curves refer to th ree 
intervals during the seasoning of the ribbon~filament. viz. 

curve 1: the tungsten ribbon filament is not yet recrystallised. it has 
still the fibrous structure caused by the rolling; 

curve 2 : the ribbon has glowed for some time at a temperature of 
23000 K. as a consequence of which it has become much more polished; 

curve 3: the ribbon has once more glowed during 40 hours at a 
temperature of 2400° ; it has become ideally polished and for the main part 
it consists of a single crystal. 

In all these three intervals we have performed our measurements at more 
than one temperature. The effect appeared to be independent of the 
temperature. In fig. 1 WORTHINO'S results are indicated by dots, marked 

I) Astr. Journ. 36, 1912, p. 345. 
Phys. Rev. 35, 1912, p. 76. 
Report Intern. Comm. of the IlIum. 1924. 
Astr. Journ. 61. 1925, p . 146. 
Rev. Gén. de I'Électr. 20, 1926, p. 310. 
Jl. Opt. Soc. Am. 13, 1926, p. 635. 

2l Diss. Amsterdam 1925, p. 32. 
Arch. NéerJand, IX, 1925, p. 237 
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W. The effect, which I find is the more pronounced the better the ribbon 
is polished, but it remains considerably smaller than WORTHINO 'S values. 

For the same unicrystalline tungsten ribbon filament , we have tried to 
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Eind out, whether there is any influence of the direction of emission with 
re gard to the direction of rolling. For three of the four principal directions 
the effect was the same (see fig. 2 curve b), but for the fourth direction 
the effect was reproduceably found to be smaller (curve a). The writer 
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believes that here the position of the crystal~axes with respect to the 
direction and plane of rolling plays a roll. Tungsten has a body~centred 
cubic lattice. In the rolled ribbon the crystals tend to take up a position so 
that a (100) plane lies in the rolling plane and a (110) plane lies 
perpendicularly to the rolling direction. This orientation is however only 



855 

approximate, so that the surface consists of steps. Therefore it will make a 
difference for the effect of the deviation hom LAMBERT'S law in which 

direction we look over the surface. 
The mean effect for the four principal directions of observation is given 

in the following tab Ie: 

0: e/eo 

iO° 1.01 

50° 1.02 

60° 1.03 

70 ) 1.07 

75° 1.08 

80° 1. 045 

85° 0.93 

The knowledge of the quantity e/eo makes it possible to calculate the 
normal brightness of an incandescent tungsten filament hom the total 
candle power (e.g. the "horizontal" candle power, that is the candle power 
in a direction perpendicular to the filament axis). Dividing the horizontal 
candle power by the visible surface, as we should do in case LAMBERT'S 
law would hold strictly, we find too great a value for the normal brightness. 
The correction is 3 % according to WORTHING, and only 1.6 % according 
to me. Of even more importance is the correction for the calculation of the 
normal brightness hom the total spherical lightflux of the filament. In this 
case WORTHING requires a correction of 5 %, the present writer only 2.5 %. 

Moreover it is nót certain, whether the deviation hom LAMBERT'S law 
is constant throughout the whole visible spectrum. The maximum of the 
light impression lies in the green region and in some cases the deviation 
hom LAMBERT'S law is much smaller for green light than it is for red light. 
This has already been assumed by WORTHING 1) and was also found by 
us. We shall have to deal with this question further on. Summarising we 
can say that, according to our own measurements, the ratio of the mean 
spherical candle power to the horizontal candle power of a tungsten 

filament varies less than 1 % hom the theoretica I value ~ = 0.785. Indeed, 

direct measurements of the factor gave a value, which coincided with the 
theoretical value within the experimental errors 2) . 

We have measured the deviation hom LAMBERT'S law for molybdenum 

1) Astr. Joum. 36, 350 (1912). 
2) Arch. Néerland IX, 239 (1925). 

55 
Proceedings Royal Acad. Amsterdam. Vol. XXX. 



856 

with a ribbon filament which was well~seasoned and well~polished . The 
filament consisted in this case of a great many little crystals. We could fjnd 
no difference between the values for the effect in different directions with 
respect to the rolling direction. Evidently we measure directly the mean 
effect, because all crystal orientations occur simultaneously. The mean of 
all our measurements can be seen from fig . 3 and from the there following 

table (À. = 0.652 fl). 
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l efeo 

1.01 

1.02 

1.065 

1.17 

1. 22 

1.23 

1.06 

For green light (l = 0.541 fl) we found practically the same effect as 
above for red light. Assuming therefore that the deviation from LAMBERT'S 

law for molybdenum is constant throughout the whole visible spectrum, we 
compute from these figures that the correction for the normal brightness, 
when calculated from the horizontal candle power, comes to 3.4 %. On the 
other hand when calculated from the mean spherical candle power, this 
correct ion amounts to 6 %. This last number is in agreement with a note of 
WORTHING 1) . 

Our measurements have been completed by a study of the deviation 
from LAMBERT'S law for the two poralised components of the light emitted. 
In fig. -4 curve prepresents the results, obtained with tungsten and with 

1) Phys. Rev. 28, 1926, 195. 
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light, which has its magnetic vector in the plane of emlsslon. Curve s 
shows the results for light with the magnetic vector normal to the plane of 
emission. Denoting the normal emission coefficient bye, the emissivities 
in the direction a are pe, resp . se. Then, according to KIRCHHOFF'S law, the 
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corresponding reflectivities are I-pe and I-se. 
Now in first approximation 1) 

1 - pe _ (m - tg a sin all + ,,2 

1 - se - (m + tg a sin a)2 + ,,2 

wh ere m = refractive index. 

x = coefficient of extinction. 

r""-~ 
~ """ 

IE, for convenience, we put tg a sin a = a, then the above equation 
becomes: 

(p - s) e (,,2 + m 2
) = 12 - (p + s) el. 2 ma - (p - s) ea2. 

which can be considered as a linear equation with two unknown quantities. 
viz. (,,2 + m 2 ) and m. Substituting the measured values of pand s and 
the well-known value for e, we get an equation for each value of a. I solved 
this set of equations graphically by plotting them as straight Iines on an 
m - (x2 + m 2 ) diagram and by determining the point of intersection 
which is common to all these lines. The position of these straight Iines is 
very sensitive for small errors in a. I only could make the Iines pass 
through one point, if I shifted the scale of the angle a with half a degree. 
This is a correction which is very probably smaller than the experimental 

1) See e.g. SCHUSTER-NICHOLSON. The theory of opties. Third edition 1924. p. 276. 
Other authors (DRUDE, WOOD) put the extinction coefficient equal to nlt. 

55* 
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errors. Af ter this correction being applied the optical constants for the 
unicrystalline tungsten were found as follows : 

m=2.96 
,,= 3.36. 

Fig. 5 shows our measurements performed in polarised light with 
molybdenum. These measurements are in perfect agreement with measure
ments of WORTHINO 1) on this same subject. In determining the values of 
m2 + ,,2 and m in the graphical way as described above, it came out that 
the straight lines 

(p - s) e (,,2 + m2) = 12 - (p + s) el. 2 ma - (p - s) ea2, 
did not pass through one point so well as this was the case for tungsten. 
As the most probable values for the optica 1 constants for molybdenum 
we took: 

m = 3.75 
" = 4:.25. 

We have seen th at our measurements with molybdenum were in perfect 
accordance with WORTHINO 'S work. For tungsten, however, our results 
vary greatly from his . Therefore, I measured the deviation from LAMBERT'S 
law for another tungsten ribbon, well seasoned, but consisting of small 
crystals, just as the molybdenum ribbon filament , mentioned above. Also 
the polishing was the same as that of the molybdenum, both these fine
crystallised ribbons being somewhat less polished than the unicrystalline 
tungsten ribbon filament . As can be seen from the following tabie, the 
results obtained with this fine-crystallised tungsten ribbon differed from 
those, which we re obtained with the unicrystalline ribbon : 

Fine-crystallised Unicrystalline 
IX 

I I p s 112 (p+s) 112 (p+ s) 

10° 1.01 0.99 1.00 1.00 

20 1.035 0.96 1.00 1.00 

30 1.10 0.91 1.00 1.00 

40 1.19 0.83 1.01 1.01 

50 1.35 0.73 1.045 1.02 

60 1.52 0.61 1.06 1.03 

70 1. 73 0 . 47 1.10 1.07 

75 1. 85 0 .38 1.11 1.08 

80 1.85 0.28 1.06~ 1.04' 

85 1.68 
I 

0.15 0 .91 5 0 . 93 

I) JI. of the Opt. Soc. of Am. 13, 640 (1926) . 
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The s-line for the fine-crystallised tungsten lies above the s-line for the 
unicrystalline tungsten and is responsible for the greater deviation from 
LAMBERT'S law. 

The two specimens differed still in another respect, viz. the deviation 
from LAMBERT'S law for green light. For fine-crystalline tungsten, just as 
for molybdenum, the effect is the same for red light and for green light. 
The unicrystalline tungsten showed hardly any effect in green light. The 
emissivity exceeded its normal value slightly between a = 10° and a = 80° 
to a maximum excess of 3 %. 

Although the deviation from LAMBERT' s law for the second tungsten 
sample is greater than for the first , I cannot account for the still much 
greater effect, found by WORTHING. His p line reaches a maximum of 
204 %, mine never exceeds 190 %. 

For completeness I must mention measurements performed by Dr. DE 
GROOT in th is laboratory on tungsten ribbon filaments in natural light 
(these measurements have not yet been published). His tungsten was not 
recrystallised, but exceedingly well-polished. The deviation from LAMBERT'S 
law which he found was the same as was found by me for unicrystalline 
tungsten . 

Summarising, we come to the conclusion that, at least for tungsten, the 
deviation from LAMBERT'S law depends on the condition of the surface in 
a not quite controlable manner. It is evident that a better polishing tends 
to make the effect smaller. 

In conclusion, I tabulate the values for the optical constants, which I 
have computed from the various measurements. For the normal emissivity 
has been taken the value 0.44 for tungsten and 0.37 for molybdenum. 

Observer Material m " 
WORTHING Tungsten 4.28 3.33 
ZWIKKER Tungsten, unicrystalline 2.96 3.36 
ZWIKKER Tungsten, multicrystalline 2.90 3.35 

WORTHING + ZWIKKER Molybdenum, multicrystalline 3.75 4.25 

The writer is indebted to Mr. G. SCHMIDT for his aid in the experimental 
work. 

Natuurkundig Laboratorium der 
N. V. PHILIPS' Gloeilampenfabrieken. 

Eindhoven, September 1927. 



Physics. On the mean va lues of straight and curved chords of 
geometrical bodies. By P. CLAUSING. (Communicated by Dr. 
G. HOLST). 

(Communicated at the meeting of September 24, 1927). 

§ 1. In working out a diffusion~problem connected with the adsorption~ 
phenomenon of the molecules of very rare gases on a glass~wall we 
found a simple relation between the area of the cross section of an infinite 
long cylindrical tube, the circumference of this section and the mean 
distance traversed by a molecule between two collisions with the wall 
of the tube. It was assumed that the molecules did not collide with each 
other and that they left the wall according to the "cosine~law". This 
law corresponds to a random distribution of moving points in space and 
implies that the number of molecules which passes in unit time through an 
element of surface in a certain direction, is proportional to cos {J. if {J 

is the angle between the perpendicular to the element and the said 
direction. 

On closer inspection of the derivation of this relation it turned out 
to be a particular case of a much more general theorem, which can be 
stated in the following way. 

The mean chord of a "body" with "volume" V m and "area" Sm in 
a m~dimensional space is given by 

(1) 

with 

1 1 . 3 . 5 . ... .... (m - 1) 
Am = () .:Tl 2.4 ........ m-2 

for even m. and 

Àm = 2 . 4.6 ........ (m-I) .2 
1 . 3 . 5 ........ (m - 2) 

for odd mI). 
The formula (I) also holds for the mean length of the arcs which are 

1) We find e.g. for a m-dimensiona1 sphere 

lim (!m= O. 
m= 00 
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cut off from the great circles of a rn~dimensional spherical space by a 
body in this space I). 

A praof of the theorem for rn = 3 and non~curved spaces does not 

offer difficulties. The defininiton of e is 
J Je cos {} d Q d S 

S Q 
2 

e J~rcos{}dQdS 
s !} 

2 

(2) 

where {} is the angle between the chord e and the normal to the 
element of surface d S; d Q is an element of the complete solid angle Q. 
Considering that d Q = d {} sin {} d g; and that e cos {} d S represents an 
element of volume d V with base d S and length e. extending in the 
direction {}. we find 

JJdVdQ 

sE 
2 e = ---------

:rt 
2:rt 

2 

SJ dg;, {sin {} cos {} d{} 
o 0 

2V.~ 
1 

S.2:rt· 2 

4V 
S' (3) 

in agreement with (1). The factor 2 in, the numerator in front of V is 
inserted because in the integration over the total surface S each element 
d V is counted twice. A similar proof holds for more~dimensional spaces. 

§ 2. The second proof of (3). which emerged from our considerations 
about the said adsorption. is much simpier. 

For this purpose we write €i = 4 VIS in the form 

1 e 
S. 4" nu. u= V n . (4) 

I) We find for the area of a segment from a m-dimensional sphere. interpreted 
as a (m-l)-dimensional volume. generally 

lirn em-I =0. 
m=oo 

but 

l?m-I =:rtR. 
for each value of m > J. if the segment coincides with half a sphere. R is the radius of 
the sphere. 
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n is the number of molecules in unit volume and u their velocity. We 
assume namely that all molecules move equally fast and do not interact 
with each other. In the dynamical theory of gases it is shown th at 
y=(nu) /4 molecules strike the unit of surface in unit time. independent 
of the distribution of the velocities of the molecules and therefore also if 
all the molecules have the same velocity. Thus S . (nu) /4 is the number 
of molecules which leaves the surface in unit time. Considering that e/u 
represents the mean time between two collisions of a molecule with the 
surface. it is easily seen that both members of the equation (4) give the 
number of molecules present in the volume. Simplification of the identical 
relation (4) gives the theorem (3). 

For more-dimensional spaces the proof remains unchanged. Only the 
formula y = nu/4 must be replaced by y = nufJ .. m. which can be easily 
demonstrated. 

These considerations are not only much simpier than those of 
the preceding paragraph but mayalso be generalised in an easy way. 
It is namely evident that nothing essential in this proof changes if we 
consider a number of molecules moving in a spherical surface only. V 
becomes the area inside a certain closed curve on the sphere. S the total 
length of this curve and the factor 4 is to be replaced by n. in agreement 
with formula (1) for a 2-dimensional (be it curved) space. 

In this case however the formula is limited in the way that no great 
circles of the sphere (the orbits of the molecules) may be situated inside 
the curve in question. This is a consequence of equation (4). which 
expresses that the molecules present inside V must come from the wall 
S. Moving about inside V must be impossible. 

§ 3. Finally we point out that our theorem still holds in all linear 
and spherical spaces if we suppose the sets of straight lines and great 
circles (the tracks of the molecules) replaced by sets of curves of a 
different shape. of course with the limitation mentioned at the end 
of § 2. 

Hence. with the aid of (1) . we find for the mean length of a helix 
inside a sp here 

In calculating th is mean value wê must in the first place consider that 
an equal number of helices goes out in every direction (in a little 
elementary solid angle). but in the second place that the planes of 
osculation of these helices are distributed in a regular way about th is 
direction. If the curve is not movable in itself as the helix we must 
divide the curve in elements of equal leng th and take the mean value 
of e for all the possible positions of the curve. Proceeding in this way 
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we apply the only method which agrees with a really random distribu~ 

tion of curved lines in a space. 
We were not yet able to give an analogical proof as in § 1 of the 

th eo rem in its full generality, without the time as a parameter, as in § 2. 
In the accessible literature 1) we have only found some very special 

cases of the general theorem. 

Eindhoven. 8 September 1927. Natuurkundig Laboratorium der 
N. V. Philips' Gloeilampenfabrieken. 

1) M. W. CROFTON: Phil. Trans. Roy. Soc. Lond .• 158. blz. 181 (1868). 
E . CZUBER: Geometrische Wahrscheinlichkeiten. blz. 213 (Leipzig. 188i); Wahrschein

lichkeitsrechnung. erster Band. blz. 115 (Leipzig. 1914). 
R. DELTHEIL: Probabilitês géométriques. blz. 8i (Paris. 1926). 



Applied Geology. - Earth movements, caused by coalmining. By J. 
VERSLUYS. 

(Communicated at the meeting of September 24, 1927). 

Owing to the removal of coal by mining, a void is created and the 
equilibrium of the strata at a great depth becomes disturbed. As aresuIt 
subsidences occur, that are observable even upon the surface. 

While the coal is being removed, the roof is firstly propped up with 
timber, those props, however, are only able to withstand the pressure for a 
short time and they soon succumb. Nor is the erection of these props 
intended for the purpose of enduring permanent support. Of ten the spa ce 
is left quite open, in many cases, however, this is filled up with lumps of 
stone. This filling in is seldom complete and the lumps are not firm enough 
to offer full resistance to the pressure of the strata resting thereon. They 
become crushed and occupy a smaller space. Af ter a number of years the 
space occupied by the crushed filling material, is seldom more than 60 % 
of that occupied previously by the coal removed. Often the volume of the 
compressed mass is still smaller. 

Formerly various opinions prevailed concerning the origin of the 
subsidences as a consequence of mining operations. An old view was that 
above the space, occupied previously by the coal, the rock had crumbled, 
so that the blocks fall and owing to this a natural filling would arise, in 
so far as the crumbled rock occupies more space than formerly. Conse~ 
quently crumbling would only go on to a limited height, proportional to 
the thickness of the coal bed. In that case nothing would be observed on 
the surface, provided the depth of the coal bed was great enough. 

As against this view was another, much older one, namely that the series 
of beds lying over the area from which coal had been removed, subsided 
altogether, hence fractures arose at the extremes of the field , perpendicular 
to the strata. In the case of fig. 1, where AB represents the space from 
which coal has been removed, the mass ABDE, would slip along the lines 
BD and AE, and subside. Regarding these older theories reference is made 
to the works of J. GONOT (1). G. DUMONT (2) and a report by the 
"Union Des Charbonnages" of Liége (3). 

These theories have become obsolete as have also the variations of those 
theories. and the assumptions. in which endeavours are made to reconciIe 
both theories. 

Afterwards the theory that now almost generally prevails. that of the 
deflection of beams arose. It is taken that the strata above the space 
from which coal has been removed. may be considered as beams that are 
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fixed in at the extremeties and become deflected. For this theory of 
deflection, reference is made to text books, La. to that by A. H. GOLDREICH 
( 10). Further, attention must still be drawn to the researches and theories 
of L. THIRIART, from whose hand new publications are continually 
appearing (lately 15). 

The prevailing theories will not be further discussed here. In 1928, in all 
probability, a more extensive special artide, with a more complete 
bibliography, will apear in the Dutch periodical "De Ingenieur". 

Here only will be treated a new explanation of the phenomena observed 
and with this it will be presumed that the most simp Ie case occurs, viz : 
that the coal bed lies horizontally. 

One of the first questions arising is: If the strata covering the carboni~ 
ferous consist of loose beds, as sand and day, will those materials then flow? 
This question can be answered in the negative. In Dutch~Limburg and 
Belgian~Limburg (Kempen), where considerable covering strata for the 
greater part, sand, prevail, the phenomena on the surface of earth do not 
deviate from those which occur near Liége and in the Borinage, where the 
firm rock is only covered by a few metres of loose material. Where sand 
is also lying on the surface, clear evidences of gravity and thrust faulting 
are to be observed, and these, in this case, have much resemblance to the 
natura I faults in sand. On digging a trench tor making a road at Heerlen 
in 1926 an opportunity occurred of seeing a fault in loose beds (13) owing 
to which comparison was possible. 

It must therefore be taken that the subsidence owing to mining, takes 
place so gradually that the sand does not become running sand (9). 

If fig. I represents a vertical section of a developed coalfieId, and in this 

\j"---____ ~[1 
• 8 

Fig.!. 

the line AB represents the part of the coal stratum that has been removed, 
and OL the earth surface, subsidence occurs' with a steep incline, about as 
the lines AO and BL. A shortening of the surface ED is observable, and 
in the sections OE and DL, an extension. The influence of the shortening 
is visible on the buildings, pavement curbs, tramlines, railings, paving stones 
and such like, owing to compression. Some very remarkable changes of 
form, which will not be discussed here, are seen. The extensions are 
similarly observable. What takes place to the left of 0, and to the right of 
L. in fig. I, will still further be, at first the conduct of the strata within the 
trapezium OABL will be described. 

Previous to a commencement being made with mining operations, the 
strata overlying the coal rest up on the latter, and there is an equilibrium. 
This equilibrium is not definite, under varying conditions of stress the mass 
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can be kept in balance, owing to friction and since a certain force is 
necessary, to overcome the resistance to tension of the consolidated strata. 
It is not necessary, though probable, that the vertical stress deviates little 
from the pressure which a fluid with aspecific gravity, equal to that of 
the beds, would exercise, provided the latter may be considered as being 
impermeable for water. The horizontal stress may have varying values. 

While the coal ex erts a certain pressure upwards on the roof, this 
ceases altogether for a moment, owing to the removal of the coal along the 
line AB in fig. 1. Very soon, however, a pressure that is smaller takes the 
place of this. This counter pressure is effected by the filling in material. 
or owing to crushing taking place up to a slight height above the space 
from which coal has been removed. According to observation this results 
in the equilibrium being disturbed, real gravity faults occur, at the edges 
of the field, and horizontal compression and extension, as discussed in the 
forgoing. As will appear presently the lengthening is to be attributed to 
gravity faulting, and shortening to thrust faulting. Energy is used up by the 
crumbling of the filling material. by the formation of fractures in the solid 
rock and further, by the frictions of the solid parts; these three kinds of 
energy are produced by gravity: the mass situated within the trapezium 
OABL in fig. I, subsides. Within this trapezium sometimes apparent 
risings are seen on the surface, presumably, however, these are sections 
that have declined less than the other, owing to th rust faults with smaller 
heights. A full discussion of the mechanics of deformations in the masses 
of earth under the influence of the changes in condition of stress can be 
neglected here. We refer for this to the works of H. KREY (11 and 14). 
The results of the various tests, i.a. those referred to in the first mentioned 
work hy H. KREY (11) can be applied immediately to what occurs in the 
trapezium. 

In figs. 2 and 3 the rectangles ABCD represent the vertical sections of 

.L 
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E. /< 

Sl Î Esr 
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Fig. 2. Fig. 3. 

receptacles filled with sand, hence AD in both the drawings represents the 
surface of the sand masses, while the end AB can he removed parallel to 
itself. The sand exercises a pressure on the side AB. If the pressure from 
outside, up on this side, be reduced, the ma ss ABE then moves in the 
direction BE in fig. 2, forming an angle with the horizon of ahout 60°. If 
however the pressure on AB he so much increased that the sand gives way, 
the mass ABE then moves in the direction BE in fig. 3, forming an angle 
with the horizontal of about 30°. 
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If thus the pressure be reduced in a definite direction, so that movement 
sets in, then the plane of faulting forms an angle with that direction of 
about 60°. It may be presumed that owing to the diminishing of the 
pressure along AB in fig. 1 within the rectangle ABDE, the vertical stress 
has become smaller and consequently deformations set in, owing to 
movement along the planes, forming an angle of 60° with the vertical, or 
one of 30° with the horizon. This mass thus becomes horizontally compres
sed and the phenomena occurring within this section, are thrusting faults , 
and the rectangle ABDE, becomes shorter horizontally. 

The horizontal pressure on the lines BD and AE in fig. 1, is reduced, 
and displacements will take place over a plane having an inclination of 
ab out 60° . It would be conceivable that the gravity displacement occurs in 
two planes OA and BL in fig. 1, and the thrust in one or two planes. On 
displacement one plane prevails, there are, however, others and these effect 
an extension of the surface as appears from fig. 4. In the same manner 
other displacements effect a contraction. 

Fig. 4. 

PUSCHMANN (5) discusses observations, in a number of tunnels, which 
had been cut in the coal beds overlying, one or more deeper beds which 
had already been worked. 

From th at description it appears that the sandstone strata , overlying the 
void from which coal had been taken, underwent but slight deformation. 
The slate appeared to be slightly folded. So the explanation given above 
holds strictly only for the unconsolidated upper beds, while the car
boniferous sandstone and slate show some deviation. The sandstone hardly 
becomes contracted, above the spa ce from which coal has been removed, 
and in accordance with this the fracture (BL and OA in fig . 1) in 
sandstone beds is practically vertical. Every sediment has its own character 
and the angle of inclination of the fractures depends upon the nature of the 
material (12). 

Outside of the lines OA and BL in fig. 1 the ground also moves on 
account of the mining in the part AB of the coalbed. This can be explained 
according to the same principle as the foregoing . The pressure upon the 
strata below the line AB in fig . 1, declines and thus fractures might arise 
at a slight angle of inclination. The case, however, is not so simpIe, and 
might be better compared with a test that is also described by H. KREY , 

from which fig. 5 has been taken. A vertical pressure is effected upon a 
stamp AB resting on a mass of sands till the stamp presses the sand away. 
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The mass th en moves as is shown in fig . 5. If the pressure on AB is 
previously already great enough to effect this change of form, this can be 

Fig . 5. 

prevented by a pressure upon the mass 
of sand from A-B and B-D. If af ter 
this the pressure outside the stamp be 
reduced, the change of form will also 
set in. In this manner it may be taken 
that in fig. 1, by reducing the pressure 
the upward movement along AB takes 

place under a slight indination, and that the mass to the left of OA and 
right of BL dedines. In this th en faults also occur, and on the surface, to 
the left of OA and the right of L some horizontal extension and subsidence 
may be expected. This is represented in diagram in fig . 6. There is less 
certainty concerning the inclination of the faulting planes in this region. 
The movement in the bottom of the coal layer being worked on, is only 
too weil known in the mines and the movement outside of the main 
fractures in the ground has been observed in shafts, owing to accurate 
measurements, without this causing any material damage. In fig. 6 left of 
o and to the right of Lextension must take place on the surface. The 
sphere of displacement and extension left of 0 in fig . 6, connects up with 
AOE in fig . 1 and left of what is represented in fig. 4. Owing to the 
succession of strata having different physical 

'\k7
0 EA characteristics, the situation here will also 

become changed. 
With regard to the effect outside of the 

main planes of fracture , it would appear that 
in 1899 W . H . TROMPETER (4) held the same Fig. 6. 

view. He speaks of an "expansive force " of the rocks, as the cause of the 
movement, apparently, however, this writer expressed himself inaccurately 
and something else is 'meant by "expansive force ". Por the rest it is not 
impossible that day and soft shale expand, on a reduction of pressure (16). 
This does not occur in the Limburg coal mines, presumably the rock in this 
district, at one time, owing to the load of deposits which later disappeared 
again for a grea t part owing to erosion, were, under so great a pressure. 
unable any longer to ex pand by the absorption of water. 

A question of importance with mining is how the shafts can be protected. 
To protect these completely, as a ru Ie much of the coal around the shafts, 
has to be sacrified. In th is connection it must be pointed out that in one of 
the mines in Belgium, only a sm all pillar was left around the shaft, 
apparently with success, though the formations overlying the carboniferous, 

F E R • D C 

I I I I 
• • • 8 

Fig. 7. 
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for the greater part, consist of sand, having a considerable depth. We th en 
have the situation as in fig. 7. Over the section MN the vertical pressure 
at the top and the bottom of the coalbed, is not directly altered. The 
displacements will thus avoid this section of the area. The subsidence 
taking place outside the Iimits of the field being worked, (outside AO and 
BL in fig. 1), as aresuIt will have a decline to a much greater degree at 
MNRS and thus the section MNRS will decline, the vertical pressure, 
however, in MNRS will then also decline much less than in the adjoining 
sections. Hence the section MN RS can be compared with the stamp in 
fig. 5. It must be borne in mind that iEin fig. 7 the coal in section AN only, 
be first removed, and only later th at of the section MB, the main fractures 
will go through the section MNRS, because then the line MS may be 
temporarily compared with the line AE in fig. 1. The situation becomes 
quite otherwise if, as in fig. 7, is presumed, the coal is removed sim ul
taneously from the sections AN and BM. 

If the principles here explained be correct, the great protecting pillars 
can be worked, provided work be effected as symetrically as possible with 
respect to the shafts and that near these a narrow strip of coaI. perpen
dicular to the direction in which the coal beds are being worked be left 
untouched. 
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Biochemistry. - The first phases of the chemistry of the dissimilation of 
the hexoses. By A. J. KLUYVER and A. P. STRUYK. 

(Communicated at the meeting of June 25. 1927). 

§ 1. Introduction. 

At the meeting of J anuary 30th 1926 a paper by the authors 1) was 
presented in whieh a new seheme - based on the extensive experimental 
material available - was developed regarding the first phases of the 
ehemistry of the dissimilation of the hexoses. 

As the result of the observations regarding the behaviour of the inorganic 
phosphates by the so-ealled eeIl-free fermentation. it was up to that time 
generally aeeepted 2) that the reaetions involved in alcoholic fermentation 
eould be represented by the following equations. whieh we re first given by 
the English investigators HARDEN and YOUNG in 1908 : 

2 C6H I20 6 + 2 P04HR2 = 2 CO2 + 2 C2H 60 + C6HlQ04 (P04R2h (I) 

C6H I00 4 (P04R2h + 2 H 20 = C6H I20 6 + 2 POi HR2 (11) 

It was pointed out by us at that time, how a number of arguments plead 
in favour of replacing this representation, less satisfaetory from a logical 
point of view, by the following seheme of the proeess of the splitting up 
of the hexose : 

C6H I20 6 + POi R2H = C6HIIOS (POi R2) + H 20 

C6HIIOS (P04R2) = C3H 60 3 + C3H s0 2 (POi R2) 

C3H 60 3 = CO2 + C2H 60 

C3H s0 2 (P04R2) + H 20 = C3H 60 3 + P04R2H 

(I) 

(II) 

(IIIa) 

(IIIb) 

where the C 3 H 60 3 produeed in equation lUb, is split up afterwards, also 
aeeording to IIIa, into earbonie acid and alcohol. 

The by-produet of the eeIl-free fermentation of the hexoses, whieh had 
been isolated by ROBISON 3) already four years before, was in this seheme 
for the first time (however cf. note 2) proclaimed to be the first normal 
reaetion product of the hexoses in fermentative dissimilation. 

A further eonsequenee of our view was that the hexose biphosphorie 
acid. which only appears in case of eeIl-free fermentation originated from 

I) These Proceedings 29. 322. (1926) and a1so: Die Naturwtssenschaften. Vol. lt. p. 862 
(1926) . 

2) An exception must be made in favour of the American investigator RA YMOND whose 
publication relating to the matter in question (Proc. Nat. Acad. of Sciences Vol. 11. p. 622 
(1925)) was unknown to us at that time. This very preliminary paper contains, however. 
practically no documentation. whereas RAYMOND's scheme a1so deviates from ours in this 
respect that hexose biphosphate is assumed to be a normally occurring intermediary product. 

3) R. ROBISON. Biochem. Journ .• Vol. 16. p. 809 (1922). 

56 
Proceedings Royal Acad. Amsterdam. Vol. XXX. 
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a carboligatic synthesis of the intermediarily formed triose~monophosphoric 
ester. Whereas this view as to the origin of the hexose~biphosphoric ester 
had been given before. a.o. by H. VON EULER 1). yet our assumption differs 
fundamentally from the Swedish investigator's view. owing to the fact that 
the latter only aims at giving a further interpretation of the mutual 
connection of the equations of HARDEN and YOUNG. In doing so the 
hexose~biphosphoric ester is accepted as an intermediary product of the 
normal alcoholic fermentation of the hexoses; whereas in our fermentation 
scheme there is no room for this ester and its appearance in case of cell~free 
fermentations is looked up on by us as an incidental product. in consequence 
of the breaking~up of the co~ordination of the successive reactions. 

We put in view a further experimental test of our assumption. and it 

was our intention to return to this more in detail in the thesis of one of us 
(Str.) Various experimental difficulties which presented themselves 
together with the desirability to pay attention first of all things. in this 
connection. to the problem (which was in an extremely confused state) of 
the so~called "co~enzyme" of the alcoholic fermentation 2). were the cause 
that the anent investigation was not yet finished. 

That we alre-ady proceed to publish some of the results obtained by us 
in this investigation at the present moment. finds its cause in the facto that 
from 1926 onward the various hexose~monophosphoric esters. especially 
the one isolated by ROBISON in 1922. have come to be regarded with the 
utmost interest by a number of the leading investigators who are occupied 
with the study of the hexose~dissimilation. We only mention such names 
as: EMBDEN. MEYERHOF. NEUBERG and VON EULER. We are far from 
venting the suggestion th at this altered situation might be due to the 
publication of our view. yet it seems desirabIe to ascertain here. how the 
exactness of our scheme has derived considerable support from later 
investigations. As the problem under discussion is now actively and 
intensively investigated in various laboratories. we thought it advisable not 
longer to postpone the provisional publication of some of the results 
obtained by us in this line. 

§ 2. Survey af the mare recent investigations which suppart the hypathesis 
af the farmatian af a hexase~manaphaspharic ester as the first 

intermediary product in the dissimilatian af the hexases. 

The first investigator. wha. in the course af 1926. declared himself in 
favour of the supposed formation of a hexose~monophosphoric ester as an 
intermediary product in the dissimiIation of the hexoses. may have been 
G. EMBDEN. He did so at an oraI discussion at the PhysioIogicaI congress 3) 

1) H. VON EULER. Chemie der Enzyme. I Teil. 3e Aufl .• p. 336. 1925; Cf. also: 
Die Naturwissenschaften. Vol. 13. p. 938 (1925). 

2) These Proceedings. 30. 569 (1927). 
3) O. MEYER HOP. Die Naturwissenschaften. Bd. ti. p. 1179 (1926). 
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held at Stockholm in August 1926. In this connection it must be borne in 
mind, that EMBDEN, in 1917 1 ), announced to have proved that the hexo~ 
sephosphoric ester, which occurs as the normal precursor of the lactic acid 
which is produced in the muscular tissue, and to which he had given the 
name of "Lactacidogen", produces a phenylosazone which is identical with 
the welI~known LEBEDEFF osazone, which is obtained from the hexose~ 
biphosporic ester formed in the case of celI~free alcoholic fermentation. In 
how far the lactacidogen itself is identical with the above~mentioned ester, 
was then leftundecided. In 1924 2), however, EMBDEN arrives at the 
conclusion : "Hiermit ist der Nachweis erbracht, dasz dem Lactacidogen 
die Struktur einer Hexosediphosphorsäure zukommt, welche mit der bei 
der Hefegärung gebildeten Hexosediphosphorsäure volIkommen identisch 
ist". However, he adds to this that he does not exclude the possibility, that 
at the same time a hexose~monophosphoric ester also occurs in the muscular 
tissue. In 1927 there appears the fifth paper on the chemistry of the 
lactacidogen, in which EMBDEN revokes his farmer statements to a certain 
extent 3). It now has appeared to him that the ester, obtained until that time 
from the muscular tissue by adding fluoride of sodium, does not occur in the 
undamaged muscular tissue, but that, on the other hand, it contains a 
hexose~monophosphoric ester which in fact must be looked upon as the 
lactacidogen proper. This ester is isolated by him and studied, and he 
arrives at the conclusion that it is neither identical with NEUBERO's ester, 
nor with ROBISON'S. As regards the latter part of this statement, it seems 
to us that there is still room left for doubt. 

Whereas MEYERHOF until shortly still adhered to the hypothesis on the 
function of the phosphoric acids in the dissimilation of the hexoses given 
by HARDEN and YOUNO, as appears from his baak "Chemical Dynamics 
of Life Phaenomena" (finished in April 1924), and even gives new 
evidence in support of it, he, for the first time, pronounces the opinion of 
the necessity "einer Umdeutung und Neuformulierung der HARDEN
YouNo'schen Gärungsgleichungen" in a "Zuschrift" sent to "Die Natur~ 
wissenschaften" 4) on June 30th 1926. As a result of new investigations 
he has arrived at the following conception of the splitting~up of the hexoses 
in the muscular~extract: "In der I Periode werden beide Zuckermoleküle 
phosphoryliert. Das eine Estermolekül zerfälIt rasch in statu nascendi was 
sa lange geht, als noch neuer Ester entstehen kann. Das andere Ester~ 
molekül stabilisiert sich als Hexosediphosphorsäure". In this publication 
MEYERHOF leaves as yet undecided the nature of the primarily formed 

I) G. EMBDEN und F. LAQUER, Zeitschr. f. physiol. Chemie. Vol. 98, p. 181 (1917). 
2) G. EMBDEN und M. ZIMMERMANN. Zeitschr. f. physiol. Chemie, Vol. 141, p. 225 

(1924). 
3) G. EMBDEN und M. ZIMMERMANN, Zeitschr. f. physiol. Chemie, Vol. 167, p. 114 

(1927). 
4) O. MEYERHOF, Die Naturwissenschaften, Vol. 14, p. 756 (1926). Cf. also: Idem, 

Riochem. Zeitschr., Vol. 178, p. 462 (1926). 

56* 
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ester. In a paper 1), published towards the end of 1926, he defines this 
ester in agreement with EMBDEN'S above-mentioned statement, as a labiIe 
monophosphoric ester, and gives the following scheme : 

2 C6H l20 6 + 2 H3PO~ = 2 C 6H l1 0 5 (H 2PO i )* (*aktiv) + 2 H 20 = 
2 C3H 60 3 + C 6H 100 4 (H2POi h + 2 H 20. 

Consequently, MEYERHOF too, here comes to the conclusion that a 
hexose-monophosphoric ester is the first reaction-product in the dissimil
ation of the hexoses. Starting from this hypothesis MEYERHOF and 
LOHMANN 2) have, quite recently, made a detailed investigation to ascertain 
the behaviour of the various hexose-monophosphoric esters towards 
muscular-extract and yeast maceration-juice. 

In his last summary of the chemistry of the hexosedissimilation (which 
treatise bears the date of December I, 1924), NEUBERO 3) mentions but 
incidentally the hexose-monophosphoric ester isolated two years before 
that time by ROBISON, whereas he makes the remark : "seine Bedeutung 
für den Gärungsvorgang ist noch ungeklärt". 

In the same treatise, however, the possibility is left open that, in 
contradistinction to HARDEN and YOUNO'S theory, the formation of hexose
diphosphoric ester "ein unphysiologischer Prozess ist". In a publication 4) 
which appeared in 1925, this statement, however, is further developed as 
follows: "somit ist die extrazellulare Anhäufung 5) von Zucker-phosphor
säure-ester von C. NEUBERO und seinen Mitarbeitern nicht ohne Recht als 
ein unphysiologischer Prozess bezeichnet". On the other hand, the fact, 
that the phosphoric ester does not accumulate in the sugar-fermentation 
by living yeast-cells, is ascribed to the perfect co-ordination of the binding 
and splitting-off of the phosphate present in these ceIIs. From this it must 
be inferred th at NEUBERO at that time looked up on the hexose-biphosphoric 
ester as a normal intermediary product of the alcoholic fermentation of the 
hexoses. In agreement with this the hexose-biphosphoric ester continues to 
remain the focus of interest in some later publications of NEUBERO and 
KOBEL 6). 

In a paper 7) published towards the end of 1926 the following statement 
strikes us: "In den Vordergrund des Interesses ist nun neuerdings die 
Hexose-monophosphorsäure gerückt". In connection herewith observations 
are given on the fermentability of the three different hexose-monophos-

I) O. MEYERHOP, Die Naturwissenschaften, Vol. 14, p. 1175 (1926). 
2) O. MEYERHOF und K. LOHMANN, Biochem. Zeitschr., Vol. 185, p. 113 (1927). 
3) C. NEUBERG in OPPENHEIMER, Handbuch der Biochemie des Menschen und der 

Tiere, 2te Aufl., II Vol., p. 453 (1925). 
i) C. NEUBERG und A. GOTTSCHALK, Biochem. Zeitschr., Vol. 161, p. 254 (1925). 
5) NEUBERG himself prints in italics. 
6) C. NEUBERG und M. KOBEL, Biochem. Zeitschr., Vol. 166, p. 488 (1925). Ibid. 

Vol. 174. p. 480 (1926). 
7) C. NEUBERG und M. KOBEL, Biochem. Zeitschr., Vol. 179, p. 451 (1926). 
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phoric esters. In a very recent publication 1) the question is moved how 
far "im Mono-phosphorsäure-ester wirklich das lang gesuchte obligato
rische Zwischenprodukt der Gärung vorliegt", and NEUBERG gives here as 
his opinion that the high yields of ROBISON'S ester obtained by him are 
"vielleicht ein Argument zugunsten der Ansicht, dasz dem Gärungsmono
phosphat der Rang eines wichtigen Durchgangsgebildes zukommt". 

In 1924 VON EULER and MVRBÄCK 2) still write: "Durch die hier 
mitgeteilten Versuche gewinnt die HARDENsche Theorie über die Beteili
gung des Hexose-diphosphates als Zwischenprodukt der Gärung ei ne neue 
Stütze". Shortly afterwards VON EULER and BRUNIUS 3) express themselves 
even more positively, as may appear from the following quotation: "dasz 
also die Bildung des Hexose Diphosphates C6H 100 4 (P04 R 2 ) 2 eine 
notwendige einleitende Teilreaktion der alkoholischen Gärung ist, kann 
nunmehr als feststehend angesehen werden". In a "Zuschrift" to "Die 
Naturwissenschaften" 4) which bears the date of the 24th of September 
1925, VON EULER expresses himself as follows: "Für die normale alko
holische Gärung können die HARDENschen Gärungsgleichungen als 
bewiesen 5) geIten". It is true that VON EULER, in writing this, feels the 
want of giving a more detailed representation of the connection, which, on 
the streng th of these equations, must exist between the fermentation of the 
first and the esterification of the second hexose-molecule. He therefore 
develops a conception according to which the chemistry of the hexoses 
might be represented as follows : 

C6H I20 6 + P04HR2 = C3H 60 3 + C3H s0 2 (P04R 2) 

2 C3H s0 2 (P04R 2) = C6H lO0 4 (P04R 2h 
VON EULER imagines that the reacting glucose molecule is first split up 

into two molecules, each containing 3 C atoms, the former of which is 
afterwards esterified with phosphate, whereas the latter is fermented into 
alcohol and carbonic acid. Further, the synthesis of the hexose-biphosphate 
it said to take place "auf Kosten der energieärmeren, vergärenden 
Glukosehälfte". Without entering into a more direct consideration of this 
assumption, we only want to point out here, that it only tallies in one 
respect with our scheme, viz. as regards the formation of the hexose
biphosphate from two molecules of triosephosphate. For the rest it is 
aItogether different from it. For, according to VON EULER the fermentation 
is made subservient to the synthesis of the hexose-bi-phosphate, whereas 
the main point of our conception lies in the fact that the phosphorylation of a 
hexose molecule is made subservient to the splitting up of the same molecule. 
Moreover according to VON EULER it is the triosemolecule which is 

I) C. NEUBERG und J. LEIBOWITZ, Biochem. Zeitschr., Vol. 18., p. 489 (1927). 
2) H. VON EULER und K. MYRBÄCK, Zeitschr. f. physiol. Chemie, Vol. 139, p. 15. 

(1924). 
3) H. VON EULER und E. BRUN/US. Svensk Kemisk Tidskrift, Vol. 37, p. 301 (1925). 
4) H. VON EULER, Die Naturwissenschaften, Vol. 13, p. 938 (1925). 
5) We print in italics. 
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esterified, whereas, in our conception, it is the esterification of the glucose~ 
molecule, i.e. the formation of the hexose-mono-phosphate that comes to 
the fore. In a recent paper, however, VON EULER 1) also hints at the 
possibility of the hexose-monophosphate playing a part in the first 
splitting-up to which the hexosemolecule is subjected in the dissimilation. 

§ 3. Personal observations on the appearance of hexose
monophosphoric ester in the cell-free fermentation. 

As it has already been stated, the consideration which induced us to 
publish our experiments, though incomplete, was the fact that some weeks 
ago an extensive communication was published by NEUBERG and 
LEIBOWITZ (l.c.), which contains numerous data regarding the coming to 
the front of hexose-monophosphoric ester when maceration-extract rea cts 
on hexoses in presence of inorganic phosphates. 

In connection with what follows it may be pointed out, that these 
investigators give no explanation wh at ever of this remarkable fact, which 
differs from the results obtained by former investigators, and derive no 
conclusion whatever from their experiments, with the exception of the 
above-guoted guarded statement given in a footnote. 

As regards our own observations, which partly date from the latter half 
of 1926, the following introductory remarks may be made. 

The scheme made up by us, naturally includes that the hexose-biphos~ 
phoric ester can only be formed, if, by the si de of the phosphatese, the 
oxydoreducing agent of the yeast, the zymase in the narrower sense, can 
also come into action. This agent is both indespensabIe for the splitting
up of the hexose-monophosphoric ester, and the carboligatic synthesis of 
the triose~monophosphoric "ester formed. The most beautiful demonstration 
of the exactness of our view would have been a separation of the 
phosphorylating from the oxydoreducing agent of the yeast, for, in that 
case, the esterified phosphate ought to have been found back exclusively 
as hexose~monophosphoric ester. A similar isolation of the phosphorylating 
agent has been tried more than once, and as far as we know a positive 
result has been reported but only once. 

In 1912 EULER and OHLSÉN 2) state that an extract of a special kind of 
yeast brings about esterification under very special circumstances, without 
producing carbonic acid. A further investigation of the ester formed has, 
however, not taken place. A repetition of the said experiment, with the 
yeast~species that were at our disposal. yielded, however, a negative result, 
in accordance with the experienee other investigators had obtained on this 
point. Starting from the fact that fluoride of sodium in the muscular tissue, 
does not interfere with the phosphorylation, but stops the formation of 

1) H. VON EULER und K. MYRBÄCK, Zeitschr. f. physiol. Chemie, Vol. 165, p. 44. 
(1927). 

2) H. VON EULER und HJ. OLSEN, Zeitschr. f. physiol. Chemie. Vol. 76. p. 468 (1912). 
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lactic acid. it was now tried. by adding this salt to produce a similar effect 
in case of the reaction of maceration extract on hexoses. 

Experiments made with various concentrations of Na F showed that 
neither in this way a separation of the two functions could be brought 
about. Neither esterification nor fermentation took place with the higher 
concentrations. and as soon as the esterification did set in when the 
concentration of the poison was reduced. carbonic acid was always formed 
at the same time. Incidentally it may be stated that af ter that time 
MEYERHOF 1) has also come to the same result. 

Attempts to come to a phosphorylation with a total absence of fermen~ 
tation in the reaction of zymase~preparations and hexoses. had to be given 
up for the present. Meanwhile. attempts aiming at isolating the triosephos~ 
phate which IWANOFF found at one time in the fermentation medium. had 
drawn our attention to the great differences which manifested themselves 
in the nature of the rate of fermentation in presence of inorganic phos~ 
phates. when different maceration juices we re used. It was tempting to 
trace to what ex tent this divergent behaviour manifested itself also in the 
nature of the hexosephosphoric esters appearing in the fermentation media. 

It may be stated at once that this appcared to be the case. 
We subjoin the result of two typical experiments which. however. are 

only instances of a series of observations which yielded similar results. 
In order to prevent misunderstanding. it may be statE'd that the yeast 

used for the preparation of the maceration juice was the same yeast in all 
these experiments. viz. bottom~yeast of the d' Oranjeboom Brewery at 
Rotterdam 2). Meanwhile it has appeared to us from other experiments. 
that the properties of the maceration juices prepared from th is yeast. vary 
a good deal. according to the previous history of the yeast which is worked 
up. and according to the duration of the operations to which the dry yeast 
was subjected before the maceration. 

Two typical in stances are given below of the progress of the production 
of carbonic acid in the fermentation of glucose. in the presence of inorganic 
phosphates. with the aid of maceration~juices prepared from two different 
portions of dried yeast. 

With these experiments 5 grams of glucose we re brought to fermentation 
with 25 cc. of the maceration~juice which were kept shaking in a thermo~ 
state at 30° C. 

When the rate of fermentation had become constant. 25 cc. of a 6 % 
solution of one part of NaH2P04 and five parts of Na2HP04 were added. 

The two curves A and B of Figure 1 mark the progress observed of the 
rate of fermentation. i.e. the quantity of carbonic acid liberated every 5 
minutes. Whereas with the aid of the maceration~juice obtained from 

1) O. MEYER HOF. Biochem. Zeitschr .. Vol. 183. p. 176 (1927). 
2) We herewith express our heartfelt thanks towards the directors and the bacteriologist 

of this brewery for the readiness with which they have always put yeast at our disposal. 
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yeast-sample A, a progress of carbonic-acid development is obtained which 
is characterised by the rapid reaching of the maximum and a subsequent, 
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constant decrease in the rate of fermentation, it is seen that the addition of 
phosphate to the maceration-juice prepared from yeast-sample B has a 
different influence. The increase in rate of fermentation is considerably less 
in this case, but on the other hand, the increase in velocity continues to 
exist for a longer time. Af ter complete esterification had set in, which, at 
the same time, revealed itself by the fact that the rate of fermentation feIl 
back to its original value, we proceeded, in both cases, to a further investi
gation of the phosphoric esters present at than point of time. In doing so, 
the method of separation (elaborated by ROBISON 1) of the hexose-mono
phosphoric and hexose-biphosphoric esters with the aid of the Ba-salts, was 
applied. For this purpose the yeast-mixture was first slightly acidified 
towards litmus, and afterwards poured out into half a volume of boiling 
water, to stop the enzyme-action spontaneously. Af ter having boiled this 
for a short moment, the liquid was sucked off from the protein precipit
ated while still hot, and the precipitate was washed with hot water. The 
required quantity of solid acetate of barium was added to the combined 
filtrates and the liquid was neutralised with baryta towards phenolphta-

1) I. c. 
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leine. Independent of the appearance or non~appearance of a precipitate 
with these operations, one or two volumes of 96 % alcohol were added to 
the liquid. Owing to this the Ba~salts of the various hexose~phosphoric 
esters precipitate almost completely. 

This precipitate was brought over on a Buchner~funnel and after 
removing the liquid, it was washed with 70 % alcohol, and afterwards 
treated for one night with boiling absolute alcohol to denaturalise the 
protein present, if any. The dried precipitate was weighed, and then 
extracted with the tenfold weight of cold water; which brings about the 
solution of the Ba~salts of the hexose~monophosphoric ester, whereas 
nearly the whole of the much less soluble Ba~salt of the hexose~biphosphoric 
ester remains behind. 

The Ba~salts of the esters prepared with the A~yeast and B~yeast show 
a very striking difference in the above~mentioned treatment, as appears 
from the following figures : 

A-yeast B-yeast 

Weight of the Ba-salts 4.055 gr. 4.050 gr. 

af ter extraction with 40 cc. of water 
and subsequent drying 1.810 gr. traces 

Although not the whole of the dissolved substance may be looked upon 
as the Ba~salt of the mono~ester, yet it may be concluded with certainty 
from the behaviour of the esters obtained by B~yeast, th at only a very 
small quantity of hexose~biphosphoric ester was present in them. That 
indeed the phosphate, when the fermentation was stopped, was present as 
a hexose~monophosphoric ester, was further proven by a purification of 
the Ba~salts which had been dissolved (by a convers ion via the lead salt) 
and the preparation of the phenylosazone of the liberated acid. This 
osazone had, in accordance with ROBISON'S statement, a melting~point of 
139-141 0 C. In contradistinction to this, a hexose~phosphoric acid could 
be prepared from the remaining Ba~salts of the esters prepared with A~ 
yeast by applying the usual purification~methods, which produced a 
phenylosazone which agreed in every respect with the wellknown 
LEBEDEFF~osazone (melting~point 151 0 ). 

These experiments were repeated a number of times and it appeared 
th at special yeast~samples always behaved in accordance with the B~ 
samples. In all these cases the relation of the hexose~monophosphoric ester 
to the hexose~biphosphoric ester appeared to have been altogether shifted 
to the first, this being contrary to ROBISON'S experience and the experience 
obtained with other yeast~samples. Owing to these results it had been 
ascertained that. under the conditions chosen for special yeast~samples, the 
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tlexose~monophosphoric ester might, from a relatively unimportant 
secondary product of the dissimilation, become the main~product. 

How are we to explain the differences in the behaviour of the various 
maceration~extracts described above? In the light of the conception, 
advocated by us, of the catalytic agents active in the alcoholic fermentation 
of the hexoses, the following view seems satisfactory to us in every respect. 
Whereas it is usual to assume that the various successive reactions which 
take place in the fermentation proceed each under the influence of a specific 
catalyst, we place ourselves on the point that only two agents are 
active, viz : 

a. an esterifying agent, which is also able to split up the esters 1). 
b. an oxydoreducing agent. 
Whereas in the living yeast cell both catalysts are present in a harmo~ 

nious quantity, so th at the different reactions of our scheme take place in 
succession, this situation is changed if it is tried to withdraw from the cell 
the active agents by preparing maceration~juices. In the normal maceration~ 
juices, which among other things show the course of fermentation described 
by HARDEN and YOUNG, the first~mentioned agent has evidently been 
weakened in proportion to the second. This appears from the fact that the 
hydrolysis of the triosephosphoric ester formed has been weakened, owing 
to which the latter, under the influence of the abundantly present oxydore~ 
ducing agent, condenses to hexose~biphosphoric ester. It appears to us, that 
the phenomena observed with the abnormal maceration~juices described 
above, find an unconstrained explanation, if we assume that in these 
juices the relation of the phosphatese (~ase) and the oxydoreducing~ 
agent has been shifted in favour of the first~mentioned agent. For, to be 
sure, then an accumulation of the triose~phosphoric ester which leads to 
the formation of hexose~biphosphoric ester will not take place, but it may 
be expected on the other hand that the first reaction incited by the oxydore~ 
ducing agent, i.e. the splitting~up of the hexose~monophosphoric ester, will 
fall behind to the production of the last~mentioned substance. So accumul~ 
ation of this substance shall take place, which is in accordance with the 
facts observed. In accordance with the conception that the zymase function 
proper has relatively been weakened a great deal in case of the maceration 
juices prepared from our "abnormal" sample of yeast, there is also the fact 
that these extracts do not lend themselves to the co~enzyme experiments 
described in a former paper by us, because they are soon irreversibly 
inactivated on continued washing. 

On the ground of the view developed above, the maceration~juices 

(which behave according to HARDEN and Y OUNG' s description) may with 
the same right be called "abnormal" as the maceration~juices with different 

I) We leave open the possihility, that it would he desirahle to assume the existence of 
a separate phosphatese and phosphatase, like VON EULER does. The undermentioned 
considerations hecome a little more complicated, owing to this, hut need not he materially 

changed. 
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behaviour, and in the fitness of our scheme to explain these divergent 
phenomena, we find further indication in favour of its correctness. 

§ 4. The appearance of the triase-stage in the cell-free 
fermentatian of the hexoses. 

Another point, by which experimental support might be given to the 
scheme proposed by us, would be the isolation of the triose-monophosphoric 
ester assumed by us as an intermediary product. As is known, L. Iw ANOFF 
reports as early as in 1907, so at the very beg inning of the examination of 
the biochemica I phosphorylation, the isolation of such an ester. Later 
investigators however, have never been able to confirm this result, with the 
exception of the fact that EULER and FODOR 1) in 1911, make mention of 
this ester by the si de of the hexose-biphosphoric ester. In our first paper 
on this subject we already pointed out that the different results of IWANOFF 
and the later investigators might be the consequence of the use of different 
phosphate concentrations in the esterification, and therefore we made up 
our mind to repeat the experiments strictly in accordance with IWANOFF's 
prescriptions. In spite of various attempts we have not succeeded in 
isolating the osazone described by IWANoFF, although we not only applied 
the not very clear prescription by IWANOFF but made as well manyfold 
variations in the way of isolation of the triosephosphoric ester. 

The negative result of these experiments made us consider whether the 
presence of triosephosphoric ester in the fermentation-medium, af ter 
esterification had set in, might not be ascertained by other means. In doing 
so we made use of the triose reaction given by NEUBERG and co-opera
tors 2). These investigators were able to ascertain that various trioses 
and also dioxyacetönephosphoric ester - in case of distillation with 
sulphuric acid and keeping the volume constant by addition of water ---:
are converted to a very important degree into methylglyoxal volatile with 
steam. The latter substance can then be demonstrated in the distillate as 
p-nitrophenylosazone and hereupon a quantitative estimation, at least as 
regards the free trioses, can be established. 

It appeared to us that 10 cc. of a yeast mixture, according to IWANOFF's 
receipt (40 grams of zymin, 50 grams of glucose, 10 grams of Na2HP04 
12 aq. in 1000 cc. of water) af ter a three-days' fermentation at room
temperature distilled in the above-mentioned way, produced with p-nitro
phenylosazone a compact precipitate of the methylglyoxal-p-nitrophenyl
osazone. We had already settled before in accordance with NEUBERG that 
the reaction turns out practically negative with the various hexoses, and 
also with hexose-biphosphoric ester. The same could also be ascertained 
as regards ROBISON'S mono-ester. A special blank-test, moreover, showed 

1) H. VON EULER und A. FClDOR, Biochem. Zeitschr., Bd. 36, pag. 401 (1911). 
2) C. NEUBERG, E. PARBER, A. LEVITE und E. SCHWENK, Biochem. Zeitschr .• Vol. 83. 

p. 244 (1917). 
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us that a mixture of the said quantities of phosphate, glucose and zymin 
killed by boiling only gave a negligible triose reaction in the period of time 
under consideration 1). 

It seemed to us a matter of importance to ascertain how far the triose~ 
reaction observed, was based on the appearance of free triose or rather of 
a triose~phosphoric ester in the fermentation medium. For this purpose the 
zymin of a second similar experiment was removed after two days by 
centrifugation. In the clear solution which we obtained, in which hardly 
any inorganic phosphate could be found, the quantity of triose was 
estimated by weighing the quantity of osazone obtained. After this it was 
slightly acidified with acetic acid, boiled a minute and removed by filtration 
from the protein coagulated. The precipitate was washed and the fiItrates 
were at a low temperature evaporated to one seventh of the original volume 
in the Faust~Heim apparatus. Another triose~estimation was made in these 
concentrated fiItrates. Thereupon the Ba~salts of the phosphoric esters were 
precipitated in the way described above and the triose was estimated once 
again both in the precipitate and in the fiItrate. 

The following quantities of osazone we re isolated in this experiment 
(calculated for the entire quantity of centrifugate (200 cc.) ) : 
In the untreated liquid . 620 mgr. 
After boiling and concentration . . 425 
In the Ba~precipitate . traces 
In the filtra te of the Ba~precipitate . 430 mgr. 

From these experiments it appears in the first place that part of the 
triose when concentration is applied disappears, either by volatilization or 
by conversion. Although the entire quantity of triose present at the outset 
(about 150 mgr.) must be caIled rather smaIl as regards the quantity of 
the glucose used, this quantity is not so smalI, however, as regards the 
quantity of esterified phosphate (about 800 mgr. of anhydrous Na2HP04)' 

However, the negative resuIt of the triose~reaction in the precipitated 
Ba~salts, does not make it probable that a triose~phosphoric ester should 
be present. As, however, the possibility did not seem to be excluded, that 
the Ba~salt of a similar ester would be soluble in water relatively weIl, the 
experiment was once more repeated while the phosphorus was simul~ 

taneously estimated. This was done according to the weIl~known method 
of NEUMANN, and as regards the smaIl quantities according to the calori~ 
metric method of MARTLAND and ROBISON 2). 

The foIlowing results (also calculated for 200 cc. of centrifugate), were 
now obtained. (See next page.) 

From these figures it is shown conclusively, th at by far the greater part 
of the triose is found in the filtra te last mentioned, and certainly is not 
present in it as phosphoric ester. Moreover, it appears from the fact that the 

1) H. A. SPOEHR and P . C. WILBUR, Journalof Biol. Chem., Vol. 69. p. 421 (1926). 
2) M. MARTLAND and R. ROBISON, Biochem. lourn .• Vol. 20, pag. 847 (1926). 
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Osazone 
in milligrams 

560 

362 

40 

335 

P inorganic 
in milligr. 

9.0 

15.0 

P bound 
in milligr. 

275 

269 

9 

quantity of free phosphate remains practically constant in boiling and 
concentration, that no splitting~up of a triosephosphoric ester, of which the 
presence at the outset might be deemed possible, occurs. 

As in the case of the first experiment the phenomenon, however, appears 
that the triose~quantity is reduced to about two thirds in the evaporation 
of the solution. Whereas tests to check this showed that glycerine aldehyde 
does not disappear when exposed to our procedure of boiling and evapor~ 
ation, there yet remains the possibility, that this decrease of the triose~ 
reaction is a consequence of the condensation of an eventually present 
triosephosphoric ester. This possibility is further being investigated at 
present. Although a small quantity of the triose was found again in the 
Ba~precipitate on this occasion, this quantity is too small to attach any 
importance to it as yet. 

The experiments were now continued in order to ascertain how far 
indications of the appearance of triose might be obtained in the case of 
esterification during a short time with the aid of maceration~juice, and by 
using a higher concentration of phosphate. It seemed plausible to us, that, 
immediately af ter the end of a typical "phosphate~period", a certain amount 
of triose~phosphoric ester would be present. We shall not enter into details 
of this series of experiments which have not yet been finished. It may only 
be stated here that, in using certain maceration~juices, very convincing 
triose~reactions, we re again obtained. In using other maceration~juices, 

however, no or only weak reactions were met with. The most important 
thing in this, however, was, that those very juices which show a typical 
"phosphate~period" (as described by HARDEN and YOUNO), gave astrong 
reaction, whereas those extracts, of which it has been stated in the 
preceding section that they produce much hexose~monophosphoric ester, 
developed no reaction at all or but a very weak one. Experiments to 
ascertain whether the substance, which develops the triose reaction can be 
precipitated by direct preparation of the lead salts, yielded no positive 
result up till this time. 

Summarizing all this, the conclusion must be drawn that we have not yet 
succeeded to prove the formation of a triosephosphoric ester in the dissimil~ 
ation of the hexoses. That great difficulties will be connected with this 
follows from our scheme at first sight, as this ester is subject to two kinds 
of conversions ; viz. a hydrolysis on the one hand and a condensation on 
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the other, so that here a weakening of one of the two catalytic agents does 
not lead to an accumulation, as is the case with the other intermediary 
products. 

Nevertheless the results obtained did not seem to us to be altogether 
without, importance, as practically no observations of the triose stage in the 
alcoholic fermentation of the sugars had been made with positive results 1). 
NEVBERO still writes in his summary in OPPENHEIMER'S Handbuch der 
Biochemie, which has been quoted already before: "Wie mehrfach 
erwähnt worden ist, ist das intermediaire Auftreten von Triosen beim 
Gärungsprozesse noch nicht bewiesen" 2). In this respect, the investigations 
described above, seem to fill up a void and, at the same time, they support 
the scheme drawn up by us. 

Delft. June 1927. Prom the Laboratory for Microbiology of 
the Technical University of Delft. 

1) The old investigation of P. BOYSEN-}ENSEN. Biochem. Zeitschr., Vol. 58, p. 451 
(1914), is very little convincing in this respect. 

2) I. c., p. 458. 



Chemistry. -- lnvestigations into the Structure of the Artificial Ultra~ 
marines. 111. On Silver- and Alcali-silver-Ultramarines which are 
Derivatives of GUIMET' s Ultramarine-blue with high Silica-content, 
and on Mixed Alcali-Ultramarines and norm. Butyl-silver
Ultramarine. By Prof. Dr. F. M. JAEGER and Mr. F. A. VAN MELLE. 

(Communicated at the meeting of September 24, 1927). 

§ 1. A short time ago we published some data 1) obtained by means 
of X -rays in the study of GUIMET'S ultramarine-blue with high silica
content N0. 7553, and of the silver-compounds prepared from it. The 
original ultramarine-blue gave, on complete analysis : 15.40 % Na; 
13.0 % Al ; 19.20 % Si; 10.6 % S and 41.8 % O . On treatment with very 
diluted hydrochloric acid , in the way indicated by H EUMANN 2), we 
determined afterwards the so-called "clay-residue": this appeared to be 
2.78 % of the total mass investigated and contained : 35.6 % Si 
(= 75.8 % Si02 ). 24 % Fe203 + a little Al20 3, and traces only (about 
0.9 %) of alcali-oxydes. If these numbers be taken into account, the compo
sition of the pure ultramarine-blue is expressed by: 15.63 % Na; 
12.81 % Al; 18.65 % Si ; 10.90 % S and 42.01 % O . The composition 
of pure GUIMET'S ultramarine-blue, therefore, approaches very near to 
one expressed by the formula: NaaAl4Sis023S3' which postulates : 
15.73 % Na; 12.30 % Al ; 19.27 % Si; 10.92 % S and 41.78 % O. The 
number of oxygen-atoms remains uncertain, because in its percentage
number all experimental errors of the analysis of the other e!ements are 
accumulated. As is always the case, there is also here too much Al and 
a slight excess of S. If this fact be taken into account, the formula of pure 
ultramarine-blue might also be written as: NasA14Sis024S3' which 
postulates: 15.45 % Na; 12.08 % Al ; 18.93 % Si; 10.71 % S and 
42.83 % O . The last mentioned formula should even be preferred in 
connection with the crystallographical symmetry of this compound. In the 
following pages we have, therefore, adopted it, although this choice remains 
arbitrary with respect to the analysis alone; it is impossible to decide 
about the truth of one of these two formulae . 

In connection with the constitution of th is GUIMET'S blue N0. 7553, we 
have in our last publication attributed an analogous constitution to the 

I) F. M. JAEGER, H . G. K. WESTENBRINK and F. A. VAN MELLE, Proceed. R. Acad. 
of Sciences Amsterdam, 30, 249, (1927); F. M. JAEGER and F. A. VAN MELLE, ibidem, 
30, 479, (1927) . 

2) K. HEUMANN, Lieb. Ann. d. Chemie, 199, 253, (1879). 
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Ag~compounds derived from it, guided there~in by the Ag~content 

determined in each case. But on doser examination the Ag~content of the 
silver~ultramarine did not appear to be always the same, varying between 
41 % and 47 %. Moreover, it was stated th at silver~compounds with higher 
Ag~content have also always admixed a little more of Ag2S, than those 
with lower Ag~content : the Ag2S, as became c1ear, can never be completely 
removed, not even by means of repeated decantations. Moreover, a more 
detailed examination of the reaction~products originated by the action of 
concentrated solution of AgNOs at 1200 or 1300 C. on GUIMET'S blue, 
caused us to study the quantitative side of the process, as well as to 
determine accurately the constitution of the fjnal product by complete 
analysis of it. 

Wh en the sealed glass~tubes, in which the reaction took place, were 
opened, the presence could always be stated of gaseous products, consisting 
of oxydes of nitrogen, and principally of N0 2 , besides traces of H 2S. From 
the solution, moreover, we we re able to separate in each case: NaNOs, traces 
of Ag2S04 , an appreciabIe amount of Si02, Ag20 and Ag2S, besides little 
quantities of Ag, Al20 s and free sulphur. These facts prove the interaction 
of the silvernitrate and the ultramarine~blue to be under these circumstances 
of a much more thorough nature, than a simp Ie substitution of Na by Ag 
beforehand might suggest. 

The finely divided Ag, the Ag20 and the Ag2S were removed as 
completely as possible, on treatment of the Ag~ultramarine by solutions of 
iodine in potassium~iodide and of potassium~cyanide (20 % ), in the way 
formerly described, and by repeated decantations. After a 4 times repeated 
decantation of the thus obtained product, finally a first fraction of lowest 
specific weight was obtained, which appeared to differ from the remaining 
part by its complete lack of iron~oxyde as an impurity; its Ag~content 
was only 4 I %. The remaining fractions representing by far the principal 
bulk of the product, appeared all to have an Ag~content of 43.9 % or H %. 
Both fractions we re completely analysed and gave the following results: 

A. Analysis of the first fraction , iron~free, of Silver~ultramarine: 

41.17 % Ag; 1.10 % Na; 10.90 % Si; 10045 % Al; 6.79 % S and 
29.59 %0. If the small amount of Na, together with the slight excess of S. 
be consideted as an impurity admixed, the composition of this fraction 
appears to approach very c10sely to that of a compound: Ag6A16Si6029Ss' 
- which formula would correspond to: 42.0 % Ag; 11.0 % Si; 
10.6 % Al; 6.25 % S and 30.1 % 0; the number for 0 being the most 
uncertain here also for the same reason as formerly indicated. 

B. Analysis of the principal mass of the Silver~ultramarine obtained : 
43.90 % Ag; 1.21 % Na; 10.85 % Si; 10045 % Al; 6.80 % S and 
26.80 % O. If also in this case an amount of 1.75 % Ag2S (estimated by 
means of the microscope ) admixed, be subtracted and the small quantity 
of Na with a trace of the S be considered as an impurity, the composition 
of the principal mass of the product öbtained evidently appears to approach 
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very closely to a compound of the formula: Ag6Al6Si602SS3' - which 
formula would require: 42.5 % Ag; 11.2 % Si; 10.7 % Al; 6.32 %' S 
and 29.5 % O. Also in this case no definite choice can be made between 
both formulae, because of the uncertainty of the percentage of 0 and the 
incomplete homogeneity of the products. But it is now perfectly certain, 
that the Ag-ultramarine formed does na long er contain 4 atoms of AL as 
the original GUIMET'S blue, but 6 átoms of Al. If in this case also, because 
of the identical symmetries of Ag- and N a-ultra marine, the formula with an 
even number of O-atoms be preferred, then the formuIa : Ag6AlsSi602SS3 
or AgGAloSiG030S3' must probably be attributed 1) to the pure product. 
As for the production of this compound at least 2 molecules of GUIMET'S 

blue must have been used in the reaction, it now becomes clear that the 
mteraction of the original ultram<:rine with the solution of silvernitrate 
in sealed tubes at 120° or 130° c., must necessarily be accompanied by a 
liberation of Si0 2 , Al20 3 and S. In this process the nitric acid which, by 
hydrolysis, is set free under these circumstances from the nitrate, 
undoubtedly plays an important part, as it will immediately react with the 
GUIMET'S bbe, - which is highly sensitive to the action of acids present, 
- in causing the production 2) of H 2S and free S. If all possibilities be 
taken into account, the total reaction might schematically be represented 
by one of the two following equations: 

26 Na6A11Si6021S3 + 156 AgN03 + nH2 0 = 156 NaN03 + 24 Ag2S+ 
+ 9 Ag20 + 12 Ag2S01 + nH20 + 90 Si02 + 19 Al20 3 + 
+ 9 S + 11 Ag6A16Si6030S3; 

or: 

52 Na6Al1Si6021S3 + 312 AgN03 + nH20 = 312 NaN03 + 37 Ag2S + 
+ 18 Ag20 + 35 Ag2S01 + 180 Si02 + 38 Al20 3 + 18S + 
+ nH20 + 22 Ag6AI6Si6028S3' 

If the temperature remains rather low, e.g. 100° or 110° c., the quantity 
of S set free is only small and neither is an appreciable formation of Ag20 
observed in that case. The reaction might then perhaps be described by 
one of the two more simple formulae: 

8 Na6AI"Si6021S3 + 48 AgN03 + nH20 = 4 Ag6Al6Si6030S3 + 24Si02 + 
+ 4 Al20 3 + 48 NaN03 + 3 Ag2SO" + 9 Ag2S + nH20; 

or: 

8 Na6Al"Si602"S3 + 48 AgN03 + nH20=4Ag6A16Si6028S3+ 24Si02 + 
+ 4 Al20 3 + 48 NaN03 + 5 Ag2SO" + 7 Ag2S + nH20, 

Although the same quantity of water is found before and after the experi:.. 

1) The formula: Ag0l6Si603QS3 requires : 11.60% Ag; 10.15% Al; 10.91 % Si; 6.18% S; 
and 30.85 % O . The watery extract of GUiMET's blue does not give areaction with Ba-salts, 

indicating any presence of sulphates. 
2) Diluted acids, on reacting with GUIMET'S blue, cause 3/" of the sulphur present to be 

precipitated as free S, while 1/ 4 is changed into H 2S. In the above equations th is fact is 
taken into consideration. 
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ment, it is notwithstanding that written down in the equations, because of lts 
playing a predominant part in the whole series of events during the reaction. 

§ 2. The conclusions drawn in our previous paper are not changed in 
their principal outlines by the new interpretation of the reactions mentioned 
above. It must only be kept in mind that the constitution of some of the 
preparations there investigated will probably be different from what has 
been indicated. More particularly this will be the case for preparation 1911, 

which was obtained from N a-ultramarine by prolongated heating with an 
ammoniacal solution of AgCI, and which had a content of 31.6 % Ag; 
this substance might, indeed, perhaps correspond almost completely to a 
silverultramarine, in which 2/3 of the Na of the original GUIMET'S blue 
is substituted by Ag, therefore possessing in that case a formula: Ag4 
Na2AlfjSi(j02sS3 or Ag4Na2AlfjSi(j030S3; the first formula requires: 
31.85 % Ag, the last one: 31.14 % Ag. But because of the fact, that in 
the solution of AgCI used, there could not be found, - even after heating 
for a long time, - any appreciable amount of Al20 3 or Si02, it is not 
improbable that finally the preparations 191 and 19II of the previous paper 
should yet prove to be derivatives of a silicate with only 4 Al-atoms. On 
the contrary, the products N0. 4 and 9 obtained from silver-ultramarine 
by melting with N al or by boiling it with a solution of N aCI, must surely 
be considered as derivative with 6 atoms of Al pro molecule. This difference 
in constitution must, therefore, necessarily be taken into account, on 
comparing the constants ao of the gratings in both series of preparations. 

§ 3. The probable constitution of the silver-ultramarine used being thus 
fixed now, this compound was pre pa red in greater quantities and its 
behaviour towards reactants which can substitute the Ag-atoms in it, was 
now studied in detail. In our previous paper we have already drawn 
attention to the fact that the substitution of the N a-atoms in ultra marine by 
Ag is probably areaction tending to equilibrium, the final state depending 
on the concentration of the Ag-solution used. Even in the especially 
favourable case of the preparation of Ag-ultramarine from GUIMET' s blue 
by means of Ag N0 3 in solution, the final product appeared to contain 
always some sodium, - be it in very small quantities. No indication 
whatsoever was found of a character of a certain inferior part of the six 
N a-atoms in the molecule deviating fundamentally from the others, as some 
investigators have eventually suggested. 

According to HEUMANN 1), the dissimilarity and lack of equivalence of 
the six Ag-atoms in silver-ultramarine would be demonstrated e.g. by the 
fact, that not all the si/ver present would be substituted by the corresponding 
amount of alcali-atoms, if boiled during a long time with solutions of the 
alcali-chlorides in excess. The substitution would proceed only until two 

1) K. HEUMANN, Lieb. Ann. der Chemie, 201. 265, 266, (1880); P. G. SILBER, Ber. d. 
d. chem. Ges., H, 941, (1881). 
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thirds of the total number of Ag~atoms present should be replaced by 
aIcali~atoms. Our investigations have not corroborated this conclusion : on 
the contrary, in this' case also there are only to be considered slowly 
proceeding reactions, tending to stat es of equilibrium between the solutions 
used and the solid sillJer~ultramarine in contact with them, without the 
occurrence of substitutions in simple stoechiometrical proportions of the 
sillJer~atoms by others, otherwise than quite accidentally. 

In our experiments we started with the carefully purified and analysed 
sillJer~ultramarine prepared from GUIMET's blue N0. 7553, in the way 
formerly described, whose composition could best he described by means 
of the formula: Ag6 Al6 Si6 0 30 S3' lts Ag~content was 43.9 % and, 
after repeated decantation, even somewhat lower (see above) . 

Of th is preparation every times an equal quantity (7 grammes ) was 
boiled in ERLENMEIJER~fIasks with refIux~coolers during 50 hours with 
solutions of 20 times the theoretically necessary quantities of LiCI, NaCI, 
KCi, RbBr and CsCl. Soon it became evident, that the reaction in each 
case proceeded with highly deviating velocities: it occurred most rapidly 
in the case of the Li~, most slowly in the case of the Cs~saIt, and with all 
salts regularly the more slowly, as the atomie weight of the aIcali~metal 
increases. In the case of the Li~saIt, already after 4 hours an intensively 
dark blue coloured substance was obtained, still containing 28.2 % Ag, -
about half of the Ag present being replaced by Li therefore (Ag3 Li3 ALG 
Si60 3oS 3 requires: 25.82 % Ag); in a second experiment, which was 
continued during 50 hours, a dark dull violet preparation N0. 10 was 
obtained, which only contained 19.98 % Ag (Ag2 Si4 ALG SiG 0 30 S3 
requires: 18.72 % Ag). The colour of the other ultramatines obtained in 
this way on heating during 50 hours, was: in the case of N a~Ag~ultrama~ 
rine (N0. 9) a dull greyish~blue (7.75 % Ag) ; in that of K~Ag~ultramarine 
(N0. 11), a somewhat cIearer greyish~blue (20.5 % Ag); in the case of 
Rb~Ag~ultramarine (N0. 12) a slightly more greenish blue (22.2 % Ag) ; 
in that of Cs~Ag~ultramarine (N0. 13) a dull greyish yellow (38.9 % Ag). 

The solutions of the alcali~halogenides used did not contain, even after 
50 hours heating, any appreciabIe quantities of Si02 or A120 3 • The results 
of the analysis point to a composition of each of these products, as formed 
in the same time and under the same circumstances, which may be expressed 
by the foIIowing formulae: 

in the case of NO. 10 : a mixture of 82.3 % A92Li4A16Si6030S3 + 17.7 % Ag~i3A16Si603QS3 
in the case of NO. 9: a mixture of 18.7 % Na6A16Si6030S3 + 81.3 % AgNasA16Si603QS3 
in the case of NO. 11 : a mixture of48.7 % Ag2K4A16Si603QS3 + 51.3 % A03K3A16Si603QS3 
in the case of NO. 12: a mixture of 93.2 % Ag3Rb3A16Si6030S3 + 6.8 % Ag4Rb2A16Si603QS3 

in the case of NO. 13: a mixture of 36.1 % AgSCsA16Si6030S3 + 63.9 % Ag6A16Si603QS3 

The substitution of the Ag~atoms by the aIcali~metal, therefore, does 
not only occur in the different cases considered with a highly different 
velocity, but it proceeds also in all cases until different limits are attained : 
with the N a~salt it is most complete, probably because these is only a slight 

57* 
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difference in the volume of the N a- and Ag-atoms and the mutual 
substitution is, therefore, eHectuated in the easiest way. Subsequently the 
Li-atom, which gives 82.3 %, and the K-atom which gives 48.7 % of a tetra
alcali-substitution-product, come nearest to it; in the case of the Rb-salt 
the product obtained consists for 93.2 % of a tri-alcali-substitution
derivative, while in the case of the Cs-salt, almost 2/3 of the sil ver-ultra
marine appears not to be attached, - as is already indicated by its colour, 
- the other lis part being only transformed into a mono-substitution
product. In no case, ho wever, there appears to be present a certain limit 
[or the substitution, as HEUMANN suggested, who thought such a limit was 
reached as soon as 2/3 of the Ag-atoms present were substituted by 
alcali-atoms. 

§ 4. With the purpose to ob ta in further evidence of this, two series 
of experiments were started, in which every time equal weights (7 grammes ) 
of the original silver-ultramarine we re heated during 50 hours at 1300 C. 
in sealed tubes, with in each case the 5 fold quantity of the salts LiCI, 
NaCl, RbCl, KCi, (NH4 )Cl and Cs], and always the same quantity of 
water (10grammes ). In the second of experiments we used the sa lts : 
Li!, Na!, K!, Rb!, (NH4)! and CsCl in equivalent quantities and in the 
same molar concentrations, the heating being effectuated at 1600 C. and 
during 50 hours. In the last series, moreover, one experiment was made 
also with Na!, not 5-times, but lO-times the theoretical quantity of it in the 
same weight of water being now used, with the special purpose of studying 
the influence of the concentration of Na! in this case. The products obtained 
were filtered oH from the solutions, by means of iodine-potassium-iodine
solutions and aiO % solution cf potassiumayanide freed from Agl or AgCI, 
extracted with carbondisulphide with the purpose to eliminate traces of 
free sulphur eventually present, and were finally repeatedly washed with 
water and decanted. In the purest fraction thus obtained, the Ag-content 
was now determined by analysis. Also in these cases no appreciable 
formé'.tion of Si0 2 and Al20 3 appeared to have taken place, notwith
standing the prolongated heating: only in the tubes heated at 1600 C. 
a slight excess of free sulphur could be stated. The results obtained are 
put together in the following tabIe: See pag. 891. 

The product N0. ge , obtained from 7 Gr. of silver-ultramarine + 45 Gr. 
Na! + 10 Gr. water at 1600 C. and 50 hours heating, did not differ 
appreaciably in its colour from that of the preparation 9a . The colour was 
slightly c1earer; its Ag-content appeared, on analysis, to be: 1.1 % Ag 
only. It may be considered as :l mixture 1) of 88.5 % NaG ALG Sis 0 30 5 3 + 
11.5 % Na5 Ag ALG Sis 0 30 5 3 , It becomes evident, therefore, that the 
yield of the compound: NaG Als Sis 0 30 53 is increased from 67.5 % to 

I) According to this composition the preparation must contain 9.11 alo S; a direct 

ana1ysls gave: 9.24 % S. 
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CHLORIDES : IODIDES : 

Gr. NO. 10d. Lij. 7 Gr. Ag-ultramarine + 20 Gr. NO. lOa. LiCt 7 Gr. Ag-ultramarine + 6.4 
LiCI + 10 Gr. water. 50 hours at 130° C. 
Colour of the purified product; dark violet-greg ; 
Ag-content: 15.6 % ' A mixture of: 

36.90/ OLisAgAI6Si603OS3+63.1 % Li4Ag2A16Si603OSJ. 
ao = 8.71 A.U. 

NO. 9a. NaCI. 7 Gr. Ag-ultramarine + 8.7 Gr. 
Na Cl + 10 Gr. water ; 50 hours at 130° C. 
Colour of the purifed product : dull marine-blue ; 
Ag-content: 16.5 0/ 0, A mixture of: 

15%NasAgA16Si603OSJ + 850f0Li4Ag2AI6Si603OS3' 
ao = 9.02 A.U. 

NO. Ila. KCI. 7 Gr. Ag-ultramarine + 11.2 Gr. 
KCI + 10 Gr. water ; 50 hours at 130° C. 
Colour of the product obtained : somewhat darker 
blue than the Na-compound ; 
Ag-content : 18.6 % , A mixture of : 

24 .6%K4Ag2AI6Si603OSJ+75. 40f0K 0g016Si603OS3' 
ao = 9.13 A.U. 

NO. BOa. (NH4)CI. 7 Gr. Ag-ultramarine + 8.0 
Gr. (NH4)CI + 10 Gr. water ; 50 hours at 130° C. 
Colour of the purified prqduct : olive green. 
Ag-content: 22.7 %. A mixture 1) of: 

34.6 % (NH4)4 Ag2 Al6 Si6 0 30 S3 + 
+ 65.4 (NH4h Ag j Al6 Si6 030 SJ. 
ao = 9.18 A.U. 

NO. 12a. RbCI. 7 Gr. Ag-ultramarine + IB. I Gr. 
RbCI + 10 Gr. water; 50 hours at 130° C. 
Colour of the purified product : dull blue; 
Ag-content: 24.4 0/0, A mixture of : 

39% Rb3Ag016Si6030S3 + 61 % Rb2Ag4A16Si603OS3' 
ao = 9.12 A.U. 

NO. 13d. CsCI. 7 Gr. Ag-ultramarine + 25.3 Gr. 
CsCI + 10 Gr. water ; 50 hours at 1600 C. 
Colour of the product obtained: chrome-green; 
Ag-content: 8.54 % , A mixture of: 

67.9 % Css AgAl6 Si6 0 30 SJ + 
+ 32.1 % CS4 Ag2 Al6 Si6 0 30 S3' 

Lij + 10 Gr. water; 50 hours at 160° C. 
Colour of the product obtained: dark violet; 
Ag-content: 2.8 % ' A mixture of: 

72.2% Li6Al6Si60JOS3 + 27.8% LiS AgAl6 Si603OS3. 
Ba = 8.67 A.U. 

NO. 9d. NaJ. 7 Gr. A~ultramarine + 24.5 Gr. 
Na! + 10 Gr. water; 50 hours at 1600 C. 
Colour of the product obtained: vivld deep blue ; 
Ag-content : 3.1 0/ 0, A mixture of: 

67.5 % Na~16Si603OS3+ 32.5 % NasAgA16Si603OS3. 
ao= 9.1 A.U. 

NO. lid. KJ. 7 Gr. Ag-ultramarine + 22.9 Gr. 
K! + 10 Gr. water; 50 hours at 1600 G. 
Colour of the purified product: a dull dark blue 
(marine-blue) ; 
Ag-content : 4.3010' Is a mixture of : 

4B.3 % K6Al6Si6 030 S3 + 51.7 % Ks AgAl6 Si60 3OSJ' 

NO. BOd. (NH4)J. 7 Gr. Ag-ultramarine + 22 Gr. 
(NH4lJ + 10 Gr. water; 50 hours at 1600 C. 
Colour ofthe productobtained: darkgreenish-brown; 
Ag-content : 12.3 %. On boiling with NaOH 
ammonia is set free. but only about 1/ 6 of the 
total quantity. A mixture of; 

78.4 % (NH4)sAgAI6Si603OS3 + 
+ 21.6(NH4)4Af/2AI6Si608{jSJ. 

ao = 9.34 A.U. 

NO. 12d. RbJ. 7 Gr. Ag-ultramarine + 31.8 Gr. 
Rb! + 10 Gr. water; 50 hou~s at 1600 C. 
Colour of the purified product; dull verg dark 
till black-blue; Ag-content: 81.1 % ; S-content: 
7.08 %: calculated : 6.7 % S. A mixture of : 

92.9O/oRbsAgAI6Si603OSJ + 7.1 %Rb0g2AI6S603OS3. 
ao = 9.28 A.U. 

NO. 13a. CsJ. 7 Gr. Ag-ultramarine + 40 Gr. 
Cs! + 10 Gr. water; 50 hours at 130° C. 
Colour of the purified product; dull greyish-blue. 
Ag-content: 11.2 0/ 0' A mixture of: 

27.6 % CssAgAI6Si603OSJ + 
+ 72.4 % CS4Ag2A16Si6030S3 

ao = 9.11 A.U. 

1) This preparation contained ; about 4.2 % NH) ; ca\çulated : 4.7 % NHJ. 
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88.5 % by the use of twice the concentration of Nal under the same 
conditions and with the same time of heating. 

§ 5. Prom these experiments it becomes clear : 
1 0 . That in using equal molar concentrations of the salt-solutions and, 

for the rest under equal circumstances, the substitution of Ag by the alcali
metals occurs in almost all cases appreciably tarther in using the iodides, 
than in using the chlorides. (The only exception occurs with caesium) ; but 
this may be caused by the temperature of heating. We are controlling this 
fact once more). 

2° . That the substitution of Ag by the alcali-metals (in casu: by Na) 
occurs under the same conditions of the experiment, more completely, it 
the concentratian at the salt-salutian is kept higher. 

30. That the substitution of the Ag present, under equal conditions of 
temperature, concentration and time of heating, occurs faster and 
completest, in the case of Li, and subsequently in that of Na, K , Rb and Cs 
in decreasing ratio, while the substitution by the radicle (NH4 ) goes 
farther than in theease of the K -salt with (NH4 )Cl, but less far than 
with Kl, if (NH4 )1 be used. 

These results give a tull proat at the tact that na upper limit exists far 
the substitutian af Ag-atams by alcali-atams under these circumstances. 
There is merely question here of equilibria, of final states which are 
principally determined by the cancentratians of the salt-:solutions reacting 
with the silver-ultramarine. Moreover , these final states depend also on the 
special nature of the anions, which are linked to the alcali-atoms. The fact 
that the substitution in general goes farther in using the iadides, than in 
using the chlarides, is very probably connected with the much smaller 
solubility of silver-iadide in comparison with that of silver-chlaride, - the 
active mass of the former in the solution thus being much smaller than that 
of the second compound. Under favourable circumstances practically all 
Ag of the silver-ultramarine may be substituted in this way by alcali-atoms. 
This behaviour is perfectly analogous to that observed in the case of the 
permutites, if salt-solutions react upon them. 

§ 6. We have prepared a series of powder-spectrograms of all these 
preparations, using the improved cylindrical camera mentioned before, with 
a radius of 44 .4 mm, and the a- and ,B-radiation of the K-series of a capper
anticathode under a voltage of 55000 Volts. The time of exposure was 2 or 
3 hours. The results are indicated below : with the purpose to avoid tables 
as much as possible, we have communicated here only the observed 
diffraction-images with their indices and their relative, estimated intensities, 
which are printed behind the indices-symbol in fat figures; also the 
grating-constants ao and the constants A and B of the quadratic equations 

() 
for sin 2 2 in the case of the a~ and ,B-radiations are mentioned at the 
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same time. The grating~constant ao appears, notwithstanding the dif~ 

ferences in the intensities of the diffractions~images, to differ only slightly 
from the value of ao of GUIMET'S blue itself. A number of graphs, in which 
the values of (h 2 + k2 + 12) are taken as abscissae, while the relative 
estimated intensities of each diffraction~line are taken as ordinates, will 
enable an easier comparison of the spectrograms obtained with the different 
preparations studied in this way. 

1. Lithium~silver~Ultramarine N°. 10. 

(Contains: 19.98 Ofo Ag). 
Observed: 12111 (8); 12201 (1); 13101 (a-8; ,8-1); 12221 (4); 13211 (6); 

13301,14111 (5); 14201 (2); 14311, 15101 (2); 14331. 15301 (a-3; P-1); 
15321. 1611I(a-3; P-1); 16221(2); 16401(2); 16331. 17211 (1); 16641(2); 
17631 (2). 

A = 0.00767; B = 0.00623. ao = 8.79 A.U. 

2. Lithium~silver~Ultramarine NO. 15. 

(Contains: 32.2 °10 Ag; was obtained from a Li~Ag~ultramarine by 
prolonged heating with an ammoniacal solution of AgCl). 

Observed: 12111 (8); 13101 (a-7; P-l); 12221 (5); 13211 (6); 13301 
141l! (6); 14311. 15101 (1); 14401 (2); 14331. 15301 (2); 16001 (1); 15321. 
16111 (3); 16331.17211 (2); 17301 (1). 

A = 0.00736; B = 0.00598. 80 = 8.97 A.U. 

3.i Potassium~silver~Ultramarine N°. 11. 

(Contains: 20.5 Ofo Ag). 
Observed: 12111 (8); 12201 (3); 13101 (8); 12221 (6); 13211 (1); 13301. 

14111(7); 14131, 15101(4); 14401 (2); 14331. 15301 (2); 16001 (2); 15321. 
1611 1(2); 16221(4); 14441(3); 15431,15051.17101(2); 16331.17211(4). 

A = 0.00702; P = 0.00570. ao = 9.19 A.U. 

4. Rubidium~silver~Ultramarine N°. 12. 

(Contains: 22.18 Ofo Ag). 
Observed: 12111 (4); 13101 (a-9; P-2); 12221 (4); 13211 (2); 13301. 

14111(6); 14401(1); 14331.15301(1); 16001(1); 15321.16111(1); 16221(2); 
14441 (1); 16331. 17211 (2). 

A =0.00712; B=0.00579. ao=9.13A.U. 

5. Cesium~silver~Ultramarine N°. 13. 

(Contains: 38.92 Ofo Ag). 
Observed: 12111 (2); 13101 (a-8; P-2); 12221 (4); 13211 (4); 13301. 

14111(6); 14401(2); 14331.15301(2); 16001(2); 15321. 16111(2); 16201(2); 
16221(2); 16331. 17211 (4); 17301(1); 17631(2); 18531(1). 

A = 0.00731; B = 0.00594. ao = 9.01 A.U. 
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In Fig. 1 the relative, estimated intensities of some of the most important 
diffraction-images are represented graphically. The upper graph relates 
to pure Ag-ultramarine (N0. 3) ; a comparison of the intensities, only 
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roughly estimated, may give some impression of the influence of an 
increasing alcali-content on the shape of the zigzag-line in its en ti re 
extension. 

6. Lithium-silver-Ultramarine N°. 10". 
(Contains: 15.6 % Ag; the diffraction~lines of this spectrogram are 

rather broad). 
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Observed: 12111 (a-l0; fJ-2); 13101 (a-6; fJ-2); 12221 (4); 13211 (5); 
13301, 14111 (4); 13321 (1); 14311, 15101 (3); 14401 (4); 16001 (2); 15321. 
16111(2); 15411(1); 16221(2); 15431. 15051. 17101(3); 16551(1). 

A = 0.00781; B = 0.00635. ao = 8.71 A.U. 

7. Sodium~si1ver~ Ultramarine N°. 9". 
(Contains: 16.5 Ofo Ag). 

Observed: 12111 (9); 13101 (a-6; fJ-l); 12221 (5); 13211 (1); 14001 (4); 
13301.14111(4); 13321(2); 14311.15101(2); 14401(3); 14331.15301(2); 
16001 (2); 15321. 16111 (1); 14441 (a-2; fJ-l); 16221 (3); 16331.1721 H4); 
17301 (1); 17521 (1); 17631 (I); 18531 (1). 

A = 0.00729; B = 0.00593. a o = 9.02 A.U. 

8. Potassium~silver~Ultramarine N°. 11". 
(Contains: 18.6 Ofo Ag). The image was faint. but the diffraction~lines 

we re sufficiently sharp. 
Observed: 12111 (a-6; fJ-2); 13101 (a-6; fJ-l); 12221 (3); 13301. 

1411I(a-3; fJ-2); 14201(1); 14311. !5101(2); !4401(1); !4331.!5301(1); 
!6001(1); !5321. !611 1(1); !6201(1); !6221(1); !631 Hl); !4441(1); !6331, 
!7211 (2); 16421 (2). 

A = 0.00711; B = 0.00578. ao = 9.13 A.U. 

9. Rubidium~silver-Ultramarine N°. 12". 
(Contains: 24.4 Ofo Ag). 

Observed: 12111 (7); 13101 (a-8; (3-2); !2221 (4); 13211 (I); !3301. 
!41l1(a-4; fJ-2); !4201(1); !4311. !5101(1); !440l(2); !433l, !5301(1); 
16001(1); 15321. !6111 (1); !6201 (I); 16221(2); !4441(1); !6331. !7211(2); 
!6421 (2); !8441 (I). 

A = 0.00712; B = 0.00578. ao = 9.12A.U. 

10. Cesium~silver~Ultramarine N°. 13". 
(Contains: 11.2 Ofo Ag). A faint image with braad. vague Hnes. 

Observed: 12111 (5); 13101 (a-6; fJ-l); !222l (1); 1321l (5); !400l (4); 
14221(3); !4311. 15101(4); !5211 (1); !6001(1); 15321, !6111(1); 15411(1); 
!6311 (I); !4441 (I); !642l (I). 

A = 0.00714; B = 0.00580. ao = 9.11 A.U. 
f) 

(In this spectrogram an intense line was found. whose sin 2 "2 was 

0.0509; eVidently th is image must be ascribed to an impurity present). 
A later spectrogram has. indeed. conformed this. 

11. Lithium~silver~Ultramarine N°. 10~ 
(Contains: 2.8 Ofo Ag). 

Observed: 12001 (3); 121 I, a and fJ, (10; 2); 13101. a and fJ (5; 2); 
! 2221 (6); 13211(4); 1330 l. ! 4111(4); 13321(2); 1510 l. 14311(4); 
!5211 (1); !4i01 (5); !5301. !4331 (2); !6001(2); !5321. !611 1(3); 
! 550 1(3); 16331. 1721 1(3); ! 730 1(1); ! 840 l(1); ! 655l(1); ! 8511(1). 

A = 0.00789; B = 0.00641. ao = 8.67 A.U. 
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12. Rubidium-silver-ULtramarine N°. 12~ 

(Contains: 8.1 % Ag). 

Observed: 
12111 (8); 13101 (7); 12221 (6); 13301. 14111 (0-6; ~-I); 14311.15101 (5); 
14401 (2): 14331. !5301 (2); 16001 (3); 15321. !6111 (2); 16221 (4); 14441 (2); 
15431. 15051. 17101(1); 16331. 17211(3). 

A = 0.00689; B = 0.00560. ao = 9.28 A.U. 

13. Sodium-silver~ULtramarine N°. 9~ 

(Contains: 3.1 Ofo Ag). 

Observed: 12111 (10); 13101 (5); 12221 (6): 13211 (2); 13301. 14111 
(0-5; (3-2); 14001 (3): 13321 (2); 14311. 15101 (5); 14331. 15301 (0-2; 
(3-1); 1521l (1); 14401 (3); 16001 (2); 15321. 16111 (2); 16221 (4); 16311 
(1); 14441(2); 15431. 15051. 17101(2); !6331. 17211(3); 17301(1); 17321(1); 
16621 (2); 18401 (2). 

A = 0.00727; B = 0.00591. ao = 9.03 A.U. 

H. Ammonium-silver-Ultramarine N°. 80a• 

(Contains: 22.7 Ofo Ag). A faint image with broad. vague lines. 

Observed: 1211l (3); 13101 (0-7; (3-1); 12221 (4): 13301. 14111 (0-3; 
~-1); !4201 (1): 13321 (1); 14311. 15101 (2); 14331. !5301 (2); 16001 (I); 
16201 (1); !6311 (1); 14441 (I). The higher indices are uncertain. 

A =0.00703; B=0.00571. ao=9.18A.U. 

15. Ammonium-silver~Ultramarine N°. 80~ 

(Contains: 12.3 Ofo Ag). Faint. badly formed and unsharp image. 

Observed: 12111(8) ; 13101(1); 12221 (2); 13211(2); 14001(1); 14201(3); 
14221 (3). The higher indices are uncertain. 

A = 0.00680; B = 0.00553. ao = 9.34 A.U. 

Of both the last mentioned preparations we have also taken two 
spectrograms with a time of exposure of 4 hours. They were not much 
sharper than the on es described above. besides a series of uncertain indices. 
we found : ao = 9.11 A .U. for the first. and 9.23 A.U. for the last sub
stance. In every case it seems. that the grating-constant increases. if more 
of the (NH4}-radic1e be substituted for Ag. Remarkable is not only the 
faintness of the images. but also the facto th at all images with the higher 
values of the square-indices-sums are lacking. It is not improbable that a 
partial dislocation of the periodical structure is caused by the reaction with 
these ammonia-salts. 

§ 7. On comparing ao of the different alcali-silver-ultramarines, it may 
be remarked, that : 
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1 0. The introduction of Li in the place of Ag, the grating~constant ao 
clearly decreases with increasing amount of Li: ao = 8.96 A.U. in Ag~ 
ultramarine decreases by substitution of more Li gradually to: 8.79. th en 
to 8.71 and finally to 8.67 A.U. 

2°. The substitution of Li by Naar K, etc .. effectuates an increase of 
ao. which attains a maximum by substitution by K or Rb and decreases 
again a little. if Rb or Cs is introduced: with Li : ao = 8.79 A.U.; with 
Na: ao = 9.02-9.1 A.U.; with K: ao = 9.13-9.19 A.U.; with Rb: 
ao = 9.12-9.25 A.U.; with Cs: ao = 9.11 A.U. However. the differen~ 
ces are only very smal!. 

1l.ICl!. 
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constant, which is intermedia te between the influence exerted by K and 
Rb 1); the influence of (NH 4) in this respect is certainly stronger than 
that of Na. 

4°. In the same kind of alcali-substitutionproducts there are not always 
the same diHraction-images present, if the time of exposure is the same, 
but it is not possible to indicate a regular connection between the alcali
content and the increase of the intensity of the same interference-maxima. 

50. On comparing the different alcali-substitutionproducts, the relative 
intensities of the most important diHraction-images are certainly modified 
(see Fig. 2a and 2b), without it being possible, however, to deduce general 
relations between these variations. 

§ 8. HEUMANN (loco at.) has also emphazised, that on melting silver
ultramarine in a crucible with an excess of the alcali-halogenides. -
preferably with the iodides. - all silver may be substituted by the alcali
metals , th us beautiful alcali-ultramarines of varied composition being 
regenerated. We found, that also this conclusion must be considered as 
erroneous : at first view already the colour of the reaction-products 
obtained in this way and purified in the way already repeatedly mentioned, 
appeared to di Her conspicuously from that of a pure alcali-ultramarine; in 
the case of the Na-compound, for instance, this can be easily verified. 

The experiments we re made in this way, that small quantities of silver
ultramarine with a silver-content of 43.9 % we re melted with 30- or 40-
times the equivalent quantities of the pure, anhydrous iodides of Li. Na, 
K. Rb. Cs. etc. in covered, small porcelain crucibles, the reacting substances 
being first finely powdered and thoroughly intermixed. The crucibles were 
kept during a considerable time just a little above the melting points of the 
iodides used. Af ter cooling, the blue mass obtained was solved in water, 
the residue filtered oH and thoroughly washed, and then extracted several 
times with a 20 % solution of potassiumcyanide at 70° c., until no Ag] 
was any more present. Then the product was carefully washed and purified 
by repeated decantations; finally it was dried at 100° C. Analysis of these 
products, after thoroughly drying at 130° C. taught us, that they contained 
almost in every case a certain quantity of Ag. as the somewhat duller 
colour, in comparison with that of the pure alcali-ultramarines. indicated 
already beforehand. In this way it could be proved for example, that 
preparation N0. 5 contained, besides Li. also 11.5 % Ag; preparation 
N0. 4*, besides Na. also 8 % Ag; preparation N0. 6, besides K also 
11.24 % Ag; preparation NO. 7, besides Rb. also 2.7 % Ag; and prepar
ation N0. 8, besides Cs. still 4.3 % Ag. Increasing the time of melting, 
did not alter this phenomenon. The compositions mentioned above, 

1) From TUTTON's wellknown investigations on the influence of the isomorphous sub
stitution of the alcali-metals by the (NH4)-radicle on the si ze of the crystalparameters, it 

has become evident, that there the influence of the (NH4)-radicle is intermediate between 
that of Rb and Cs. 



899 

correspond : in preparation N0. 5 to a mixture of 85.3 % of a penta-lithium
silver-ultramarine + 14.7 % of a tetra-lithium-diargento-ultramarine; in 
preparation N0. 4*: to a mixture of 16.1 % Na-ultramarine + 83.9 % of a 
penta-sodiumsilver-ul~ramarine; in N0. 6: to a mixture of 70.6 % penta
potassium-silver-ultramarine + 29.4 % tetra-potassium-diargento-ultra
marine; while the preparations No. 7 and 8 for their greater part, i.e. for 
63.9 %. respectively 67.0 %, appeared to consist of Rb-, respectively Cs
ultramarines, + 36.1 resp. 33 % penta-alcali-silver-ultramarines. 

The spectrographical study of these derivatives by means of X-rays gave 
the following results : 

16. Lithium-silvel'-Ultramarine N°. 5. 
(Contains: 11,5 Ofo Ag). 

Observeçl: 12001 (6); 12111 (a-IO; f3-3); 13 tol (a-5; f3-2); 12221 
(7); 13211 (4); 13301, 14111 (3); 13321 (2); 14221 (2); 15101, 1431l (5); 
15211 (1); IHOI (5); 15301, 14331 (2); 16001 (2); 15321, 16111 (2); 15411 
(1); 16221 (4); 16311 (1); 16331. 172 11 (3); 17301 (1). 

A = 0,00772; B = 0,00628. ao = 8,76 A.U. 

17. Sodium-silver-Ultramarine N°. 4*. 
(Contains: 8 Ofo Ag). 

Obsel'ved: 12111 (10); 13101 (a-7; f3-I); 12221 (7); 13211 (4); 13301, 
14111 (a-5; f3-I); 14311, 15101 (5); 14331, 15301 (a-3; f3-I); 15211 
(1); 14401 (4); 16001 (3); 15321, 16111 (3); 16221 (4); 16311 (1); 14441 
(2); 15431, 15051, 17101 (1); 16331, 17211 (3); 16621 (2). 

A=0,00719; B=0,00584. ao=9,08A.U. 

18. Potassium-silver-Ultramarine N°. 6. 
(Contains: 11.24 Ofo Ag). 

Obsel'ved: 12111 (a-IO; f3-3); 13101 (a-6; f3-2); 12221 (6); 13211 
(2); 14001 (3): 13301, 14111 (6); 14201 (1); 13321 (1); 14311, 15101 (5); 
14331, 15301 (a-4; f3-I); 15211 (1); 14401 (3); 16001 (4); 15321, 16111 
(4); 16221 (5); IH41 (4); 15431, 15051, 17101 (4); 16331, 17211 (5); 17501, 
17431, 18311 (2); 16621 (2); 17521 (2); 18401 (1); 16551 (1); 18511 (1); 
18441 (1); 18551 (2). 

A = 0,00694; B = 0,00564. ao = 9,24 A.U. 

19. Rubidium-silvel'-Ultl'amarine N°. 7. 
(Contains: 2,7 % Ag). 

Observed: 12111 (7); 13101 (a-7; f3-1); 12221 (6); 13301. 14111 (a-6; 
f3-I); 14001 (1); 14311. 15101 (5); 14401 (3); 14331, 15301 (2); 16001 
(4); 15321, 16111 (3); 16221 (5); IH41 (3); 15431. 15051, 17101 (2): 
16331. 17211 (5). 

A = 0,00699; B = 0.00568. ao = 9,21 A.U. 
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20. Cesium~silver~Ultramarine N°. 8. 
(Contains: 4.3 Ofo Ag). A faint. very hazy and vague image. 

Observed: 12111 (5); 13101 (a-5; fJ-l); 12221 (2); 13321 (4); 14311. 
15101 (2); 15211 (1); 17301 (2). 

A =0.00710; 8=0.00577. ao=9.14A.U. 

From these data our farmer remarks about the influence of the sub
sequent substitutions: Li-.Na-.K-.Rb-.Cs on the value of the grating~ 
constant ao appear to be corroborated here very distinctly: while ao for 
the Li~compound appears to be even smaller than for Ag~ultramarine, it 
becomes greater in the Na~compound. increases again in the K~substitution~ 
product. till a maximum of 9.24 A. U. is reached. anel- then decreases in the 
Rb~ultramarine (9.21 A.U.). until in the Cs~derivative the value of the 
Na~ultramarine is reached once more. This happens. notwithstanding the 
Ag~content of the Rb~ and Cs-compounds is appreciably smaller than for 
instance in the K~Ag-derivative. The influe'nce of the substitution of the 
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alcali~metals on the relative inten~ 
sities of the corresponding diffrac~ 
tion-images is best seen from the 
graphs in Fig. 3 (only for the 
a-radiation). The great changes in 
intensity of the subsequent diffrac
hon-lines in the spectrogram of the 
Li-derivative. - which in this 
respect strongly resembles the Ag~ 
ultramarine itself. - are gradually 
diminished and effaced by subse~ 
quent substitution by Na, K and 
Rb, as may be seen. for instance . 
on cam paring the intensities of 
( 222 ). The image of the Cs~com~ 
pound is. as has been already said. 
very faint and rudimentary. 

§ 9. The highly remarkable fact 
must be emphazised here. that the 
Ag~compounds of all other ultra~ 

W.k'.P) 
IDo~o:J.io:.iJtk:620:~"U) I aoo : ~:.~o~s .~~ marines, - e.g. of the green, red, 

1411,$'" 6OO6U n1' 6I!t471 . 

», J» UI ilO.., pink and violet ones of Prench, as 
Fig. 3. weIl as of German origin, always 

give, af ter melting them with, for example Na J, in excess, ultramarine~blues, 
independent of the original colour o[ the ultramarines [rom which the Ag~ 
salts were prepared. In no case an ultramarine of the same colour as the 
original one was obtained. Thus. e.g. from the Ag~salts of pale rose 
coloured ultramarines (with 13.3 %. 22.7 % and 34 % Ag). cobaltblue 
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or pale blue N a~ultramarines were generated ; from the Ag~salts of red 
and violet ultramarines (Ag~content: 29 % and 35 % ). ultramarines of a 
vivid deep blue colour we re produced. The blue colour of the product 
obtained is the more lucid and lustrous. the higher the Ag~content was of 
the original Ag~ultramarines . From the Ag~salts of the ultramarine~greens 
(with 51 %. respectively 49.6 % Ag) . dark greenish blue or blue~green 
Na~ultramarines we re regenerated: of all kinds of ultra marines besides 
the true blue ones. the green ultra marines seem to be closest to autonomical 
chemical individuals and to be the best proof against the attack of concen~ 
trated solutions at 1300 or 1600 C. or of that of molten iodides. 

§ 10. From the preparation N0. 5. which corresponded. as was already 
remarked. to a mixture of 85.3 % Li5AgAlr;Si60 30S3 + 14.7 % 
Li4Ag2A16Si60 30S 3' we obtained by prolongated heating with an 
ammoniacal solution of Ag Cl a product N0. 15 . whose Ag~content had 
now become 32.2 %. The composition of this product. the grating~constant 
ao of which was: 8.97 A .U . (see Fig . 1). corresponds to a mixture of 
93.5 % Li2 Ag4 AIr, Si r, 0 3 0 S :1 and of 6.5 % Li Ag5 Aln Si r, 0 30 S 3' 

§ 11. Of course. the alcali~silver~ultramarines described in the above. 
rnay. in their turn . again be melted with an excess of other alcali~iodides ; 
it is possible in this way to obtain a series of mixed alcali~silver~ultra~ 
marines. or eventually also silverfree mixed alcali~ultramarines . 

Thus. by melting Li~Ag~ultramarine N°. 10 (19.98 % Ag)with an excess of 
RbJ. a blue Li~Rb~Ag~ultramarine N°. 36". with a silvercontent of 5 % was 
obtained; with respect to its origin. this may be considered to be a 

mixture of 53 Ofo Li" Rb AgAl6Si6030S3 + 29.3 Ofo Li"Rb2A16Si6030S3 + 
17.7 Ofo Li3 Rb3 Al6 Si6 0 30 S3' 

In the same way from Rb~Ag~ultramarine N°. 12 (with 22.2 Ofo Ag). 
a Rb~Li~Ag~ultramarine (N°. 28") was obtained by melting with LiJ; the 
beautifully blue coloured preparation appeared to have still an Ag~ 
content of 42 %, and may be considered to consist of a mixture 
of 50 Ofo Rb3Li2AgAl6Si6030S3 + 43.2 Ofo Rb3Li3Al6Si6030S3 + 6.8 Ofo 
Li"Rb2AI6Si6030S3' 

Also the Li~Ag~ultramarine N°. 15 of § 9 (with 32.2 Ofo Ag) was. by 
melting with RbJ. transformed into a vividly blue coloured Rb~Li~ultra~ 
marine (N°. 61). which appeared to be completely silverfree. and to which. 
by its origin. a constitution must ascribed of a mixture of 6.5 0

/ 0 

Rbs Li Al6 Si6 0 30 S3 + 93.5 Ofo Rb4 Li2 Al6 Si6 0 30 S3' 
From the preparation 191 mentioned in our previous paper (with 

39.4 Ofo Ag). by melting it with an excess of RbJ. a beautiful. blue coloured 
Rb~Na~Ag~ultramarine N°. 73 (with 8.9 Ofo Ag) was obtained; perhaps 
its constitution might be considered to be: 4.4 Ofo Rbs Na Al" Si6 0 24 S3 + 
60 Ofo Rb" Na Ag Al" Si6 0 24 S 3 + 35.6 Ofo Rb3 Na2 Ag Al" Si6 02"S3; etc. 
Also in the cases considered. no appreciabie formation of Si02 or 
Al20 3 during the reaction was observed. 
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Finally. from the compound 4*. which is a Na~Ag~ultramarine with 
8 °10 Ag. a beautiful blue preparation N°. 35" was obtained by melting 
it with an excess of Rb!; this Na~Rb~Ag~ultramarine. which appeared 
still to contain 3.2 % Ag. may be considered as mixture of 16.1 Ofo 
Na6 Ah Si6 0 30 S3+50.90f0 NasRbAI6Si60~oS3+33 Ofo NasAgA16Si6030S3; 
etc. 

The results of the ROENTGEN~spectroscopic investigation of all these 
products are communicated in the following tables : 

21. Lithium~rubidium~silver~Ultramarine N°. 36:: 

(Contains: 5.0 % Ag). 

Observed: j211} (8); j310} (a-7; (3-4); 1222} (6); j32I! (2); j330}. 
j41I! (4); j4311. j510} (a-3; (3-1); j620} (1) . 

A = 0.00724; (3 = 0.00588. aO = 9.05 A.U. 

22. Rubidium~lithium~silver~Ultramarine N°. 28~ 

(Contains: 4.2 Ofo Ag). 

Observed: 12111 (a-l0; (3-3); j310} (a-3; (3-1); j222} (6); 1321} 
(2); 1330}. j4111 (3); j420} (1); 1332} (1); j43 Ij. j510} (3); 1440} (2); 
j532}. j611} (1); 1622} (1) . 

A = 0.00789; B = 0.00641. 

23. Rubidium~lithium~Ultramarine N°. 61. 

(Contains na more Ag). 

aO = 8.67 A.U. 

Observed: IIIO} (2); j2111 (a-l0; (3-3); 131O} (a-6; (3-2); j222} 
(6); j32I! (1); j330}. 14111 (a-5; (3-1); j400} (2); j431}. j510} (4); 
j440} (2); j433}, j530} (2); 1600} (2); 15321.16111 (2); j620} (1); j541} 
(1); j622} (4); j444} (2); 1505}. 1543}. 1710} (1); j6331. j72Ij (4); j750}. 
1743}. j8311 (1); 1662} (1); j840} (1). 

A = 0.00720; B = 0.00585. aO = 9.07 A.U. 

24. Rubidium~sodium~silver~Ultramarine N°. 73. 

(Contains : 8.9 Ofo Ag). 

Observed : 121 I! (a-7; (3-2); 1310} (a-5; (3-2); 1222} (4); 132I! 
(2); 1330}. 14111 (3); 14201 (1); 1332} (1); 1431}. j510} (3); j433}, 1530} 
(1); j600} (1); 1532}. 1611} (1); 1620} (1); 1631} (2); 16421 (1). 

A = 0.00705; (3 = 0.00573. ao = 9.17 A. U. 

25. Sodium~rubidium~silver~Ultramarine N° 35~ 

(Contains: 3.2 Ofo Ag). 
Observed: 12111 (a-9; (3-2); 1310} (a-5; (3-2); 1222} (6); 132I! 

(1); 1400} (2); 1330}. 14111 (3); j413}. j510} (a-3: (3-1); j5211 (1); 
14401 (2); 1433}. 1530} (2); 1600} (2); 1532}. 1611} (2); 1622} (3); ~444} 
(1): 1505}. 1543}. 1710} (1); 1633}. 1721} (2). 

A = 0.00728; B = 0.00591. aO = 9.02 A.U. 
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As is seen from Fig. 4, there cannot be stated a pronounced regularity 
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in the typical decrease of the inten~ 
sities of the subsequent, corresponding 
diffraction~images of these X~ray~ 

patterns. 

§ 12. It is also possible to obtain 
derivatives of the bivalent metals Mg, 
Ca, Sr, Ba, Zn, Mn, etc., by melting 
the Ag~ultramarine with an excess of 
the iodides of these metals. About thc 
thus obtained preparations and their 
X~ray~spectrograms we will publish 
the relative data later~on in a separate 
paper. We wish here only to remark, 
that the blue colour of the alcali~ultra~ 
marines has disappeared completely 
in these products: they are olive~ or 
dull green, pa Ie and dark grey, and 

~ N' 3.1'" even white. 
, Na.Rb.A1·UI~. However, in every case it has by 
• 13.2 r. Agi. 
! these investigations now become quite 
I 
: evident, th at all reactions connected 

... ' ,;".201 ';, 1 ~,,,,I .., ';'1"" ,,21 05'... rh'.~·.IJI with the substitution of the Ag~atoms 
ru 400 412 oItDS12 54) SJit ~ llJ 

" •• " ,., "',,,. in the Ag~ultramarine prepared from 
Fig . 4. GUIMET'S blue N0. 7553, are really 

reactions tending to certain states of equilibrium; the finally reached 
degree of substitution depends in all cases investigated on the special nature 
and the concentrations of the salt~solutions brought into contact with the 
Ag~ultramarine, and also on the temperature and the duration of the reaction. 

§ 13. This last fact manifests itself also very clearly in the case, in which 
organic iodides: methyl~, ethyl~, butyl~iodides, etc. are made to react with the 
Ag~ultramarine. Thus, for instance, we made th ree times the necessary, 
calculated quantity of normal butyl~iodide react during 50 hours at 1300 C. 
with a carefully dried preparation of Ag~ultramarine. The reaction~product 
was first purified by extraction with benzene, to eliminate the excess of 
butyl~iodide, and then the residue was freed from Ag] in the usual way. 
The product obtained was a dull green ultramarine (with 38.6 % Ag) ; if 
treated in the same way with the same relative quantity of normal butyl~ 
iodide once more at 1300 C. during 50 hours, there resulted a product of a 
greenish grey colour, which appeared, af ter purification, to contain now 
only 29.6 % Ag. While the product obtained in the first reaction corres~ 
ponds to about: 47.8 % unaltered Ag~ultramarine + 52.2 % 
(C4H 9 ) Ag5A16Si6030S3' - that obtained in the last reaction corresponds 
exactly to: (C4H9hAg4AI6Si603oS3' which requires: 29.68 % Ag. 
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This last compound was now heated once more in the same way, but this 
time with {ive times the quantity of butyl-iodide necessary for a complete 
substitution of all Ag-atoms, during 50 hours at 1600 C. The resulting, 
violet-grey product appeared now to contain only 8.7 % Ag and its 
composition, therefore, corresponds to a mixture of about 97.1 % 
(C4H 9) 5AgAl6Siü030S3 + 2.9 % (C4H 9) 4Ag2Al6SiG030S3' The original 
silver-ultramarine is, therefore, practically transformed into a penta-norm.
butyl-silver-ultramarine. Of this preparation a powder-spectrogram was 
made in the same way as in the case of the other compounds. The results 
were as follows : 

26. Penta- norm. Butyl-Silver-Ultramarine. 
(Contains: 8.7 Ofo Ag; on heating. the odour of butyl-sulphide is 

strongly noticeable). 
Observed: 12111(6); 13101(7); 12221(5); 13211(3); 13301. 14111 

(a-5: ,8-2): 13321(2): 14221(1): 14311, 15101(2): 14401(4) :j4331. 
15301(4): 16001(2): 15321, 16111 (1): 16221(3): 16331. 1721 1(3): 
17301(1). 

A = 0.00731: B = 0.00594. a o =9.01 A.U. 

The spectrogram obtained is completely analogous to that of the other 
ultramarines (see Fig. 2b) : it becomes clear, that even the introduction of 
{ive butyl-radicles into the molecule, does not change the general structure 
of these remarkable substances ; a clear relation between the constitution 
of all these compounds and the ~hange in the intensities of the correspond
ing diffraction-images, however, cannot be stated as yet. 

In all the investigations published here, it has, alas, become evident. that 
even with the most variegated substitutions, the changes of the structure of 
all these ultramarine-derivatives are relatively too small; and that the 
changes of intensity of corresponding diffraction-lines in the spectrograms 
are so whimsical. that it seems almost hopeless to draw farther conclusions 
from these facts about the precise architecture of these interesting sub
stances. 

The study of the organic substitution-products is now continued by us. 

Groningen, Laboratory {or Inorganic and 
Physical Chemistry o{ the State-University. 



Chemistry. - On the Exact Determinatian of the Specific Heat of Salid 
Substances between 0° and 1625° C. I. Methad and Apparatus. 
By Prof. Dr. F. M. JAEGER and Dr. E. ROSENBOHM . 

(Communicated at the meeting of September 24. 1927). 

§ 1. In connection with the development of the modern theories 
concerning the specific heat of solid substances. during the last decennia 
the attention of numerous investigators has again been drawn more 
particularly to this physical quantity. which. since the classic investigations 
of DULONG and PETIT and the establishment of the empirical rule named 
after them . has become of so much interest also to chemists. 

In connection with a series of investigations made in th is laboratory with 
the purpose of developing a number of methods of measurement of several 
physical constants. allowing the exact and reproducible determination of 
these constants also at high temperatures. - we have during the last years 
developed i.a . a method for the accurate measurement of the specific heats 
of solid substances under constant pressure. This method. which has been 
tested now by us in the case of several substances. has appeared to enable 
us to determine the specific heats mentioned with a degree of accuracy. 
which under favourable circumstances. even at very high temperatures may 
attain about 0 .001 of the determined value. 

We intend to test experimentally the validity of the modern theories in 
th is way up to these high temperatures in a number of cases. and especially 
to study the variation of the so-called "atomie heat" of the solid elements 
with the temperature. also under these extreme conditions. In the following 
we give the description of the apparatus used and of the method of 
experimenting followed by us. 

§ 2. The principle of the metal-calorimeter was made use of here. af ter 
the manner originally proposed by NERNST. KOREF and LINDEMANN 1) and 
as applied more in particular also to measurements at temperatures up to 
900° C. by MAGNUS 2). During the construction of the apparatus. the 
experiences of many investigators. more in particular of WHITE. were borne 
in mind. Besides. all improvements necessary for our purpose we re made. 
so that the instrument and the method followed have now reached a very 
high degree of perfection. 

1) Compare: Sitz. Ber. d. preus. Akad. d. Wiss. Berlin. (19\0). 217; Ann. der Physik. 36. 
49. (1911). 

2) A . MAGNUS. Phys. Zeits .. 14. 5. (1913); Ann. der Physik. (4) 70. 303. (1923) ; 
A. MAGNUS and A. HODLER . Ann. der Physik. (4), 80, 808. (1926). 
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In Fig. 1 the arrangement of the calorimeter used by us has been 
represented diagrammatically 1). A double~walled prismatic vessel O. made 

B 6 

Fig. t. 

of thick wood, the outside measurements of which are 95 X 95 X 100 cm., 
the inside measurements 65 X 65 X 81 cm. , whose interspace is completely 
filled out with slag wool S, forms, together wich a water~reservoir of great 
capacity placed in it, the insulation of the calorimeter from the surrounding. 
The water~reservoir is provided with a water~bearing cover and covered 
with a layer V of feIt several ems. thick. The surrounding space is, 
more over, maintained as much as possible at a constant temperature. In this 
vessel a zinc vessel J has been placed which impinges on its walIs and 

1) In the construction of the calorimeter we were asslsted in an excellent manner by the 
nstrumentmaker of the laboratory, Mr. A. VAN DER MEULEN. 
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measures 65 X 65 X81 cms. It contains the water surrounding the calori~ 
meter. about 260 Liters. the surface of which rises to about 62 cm. from the 
bottom. This water~reservoir can be shut by a water~bearing cover D, 
which is supported by iron hoops B". The cover is about 7 cms. high and 
contains about 29 Liters water. which is forced up from the calorimeter~ 
vessel J (see below) and flows back in it by constant circulation. The water 
is maintained at a constant temperature by means of th ree heating~spirals 
M of nickelwire. which have been spread out in flat tight soldered brass 
boxes 0.5 cm. thick; also with the aid of a spiral tube o. with circulating 
cooling water. and of a large thermoregulator Th. The arrangement to 
bring the circulating water into motion. consists of three centrifugal 
stirrers Z. These stirrers consist of brass tubes 1.2 cms. wide. are provided 
with small holes. and are at different heights . supplied with T~pieces. the 
arms of which are about 20 cms. long and out of which the water is hurled 
with force through the rotation of the stirrers. About 5 cms. above the 
level of the water the tubes are provided with wooden disks Wand W'. 
which are interconnected by driving~belts. These driving~belts have been 
made of spiral~strings of brass~wire and are rotated by being connected 
with an other disk R, which is set in motion by an electromotor. The axes 
of rotation of the stirrers are provided at the bottom with steel points 11-. 

which rota te in bearings of agate cp; these bearings are fixed in brass 

Pt 

Hq 

o 

MMM 
Fig. 2. 

cushions "/, which are firmly soldered to the bottom of 
a' the vessel ] . Also af ter a very long use the stirrers th us 

fitted proved to work perfectly and without any distur~ 
bance; the water does not in any way interfere with 
the rotation of the shaft~ends in their bearings. The 
third stirrer W' has a construction somewhat different 
from the other two (for further particulars see below) . 

For the heating of the water in the reservoir served 
the above~mentioned heating~spirals M . two of which 
are interconnected. With the help of adjustable 
resistances. they keep the water just a little below 
20° C. The third heating~spiral. however. is connected 
with a large thermo~regulator Th., which. as is shown 
in Fig. 2. consists of a glass tube bent four times alter~ 
nately upward and downward and terminating in a 
tube narrowed to a capillary; the regulator is entirely 
filled with six kilogrammes of purest mercury. To this 
regulator a number of relays are connected according 
to the wiring-diagram given in Fig. 3 1 ). It is essential 
to prevent in the electric thermo-regulator as much as 
possible the flashing of an induction~spark at the 

I) Let AI. A 2 and A3 represent three accumulators: Wl to Wa are adjustabie and 
constant lamp-resistances : Rl. R2. R3 are three relays. The current-circuit of A2 is always 
closed on relays Rl , with Iittle strength of current only. If e.g. Rl turns to the right. the 
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breaking of the contact between platinum-pin and thread of mercury. This 
was achieved by the system of relays as is shown diagrammatically in 

Th~~====================~ 

z 
o 220Volt 

w, w, w, w, 

Fig. 3. 

Fig. 3; by th is arrangement the working of the regulator was regulated 
only by a very small fraction of the heating-current (2 Volt; 2 milli
Ampère) and each oscillation of temperature above or below 20° C. was 
compensated almost immediately. The cooling-spiral cr likewise helped to 
bring about this result. An adjustable current of cold water flows through 
it very slowly ; the spiral serves to rapidly absorb the excess of heat, in 
case the temperature of the room comes too near to the temperature of the 
calorimeter. The expansion of the column of mercury in Th appeared to 
be about 0.5 mmo for 0° .001 C. temperature-difference. In this way it was 
possible to keep the temperature of the calorimeter-water L, - also in the 
case of prolongated experiments, - constant within 0° .001 c., provided 
the water-bearing cover D is simultaneously made use of. This cover has 
been made of zinc-plate; the top is provided with an air-thight tap , which 

current of R2. which comes from Al , is closed. In this case the current-circuit in which 
R3 is inserted. is interrupted. which relay is connected with the municipal current (220 Volt). 
Owing to this. W 2 is short-circuited. so that the current which runs in the auxiliary
heating-spirals S. is now increased. If. however. the temperature of the water rise above 
20° C.. the thermo-regulator Th wil! cause the circuit of A3 to be closed. The current 
in it is stronger now than that of A2. and of opposed direction. This causes the relay 
Rl to turn to the left. thus making currentless the circuit in which R2 is inserted. Through 
this. the contacts are now c10sed for the circuit containing R3; the resistance W 2 which 
was short-circuited before. is now switched on again in the circuit of the heating-current. 
the latter now being diminished ; etc. etc. 
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can be shut hermetically, and with a screw-lock G provided with a glass 
window g. By means of the thick felt-layer only, small irregularities in the 
cooling-process of the calorimeter could not be prevented, even if the room
temperature was kept constant. Therefore this cover was provided with a 
number of nickel heating-spirals w", surrounded by protecting-tubes, and 
with a number of partitions, in order to force the circulating water to flow 
in helical tracks within the cover. 

Besides the porcelain tube B, which serves as a feeding-tube for the 
introduction of objects into the calorimeter and a tube on one of the sides 
as a passage for the third stirrer, the cover has only at the bottom the 
passages in which the tubes band b' are tight soldered. Through these 
tubes the water in the cover communicates with that in the vessel J; so 
both tubes reach beneath the surface of the water. The cover is filled by 
opening K and by connecting it with a suction-pump; then K is shut again 
and the third stirrer W' is set in motion, by which the water is forced from 
the cover into the thermostat and then flows again in b. When all 
precautions are taken, a diHerence of temperature between the water L 
and that in the cover can no long er be perceived; so that also in upward 
direction the insulation of the calorimeter with respect to its surrounding, 
is complete. The wooden disk W' of the third stirrer is not directly 
connected to the brass-tube b', but to a much wider tube x, which is shut 
oH at the bottom by a plate provided with little holes. This plate is fastened 
to the stirrer-shaft, by means of which the space between the cover and 
the thermostat is closed watertight, without the help of any ground-in 
connections. At a some space is left between Land the cover, in order to 
have a passage for the wires of the thermo-elements ; etc. When experi
menting, a, just as the whole calorimeter, is covered with a layer of feIt 
4 cms. thick. 

§ 3. In the spa ce of constant temperature described above there is the 
calorimeter proper. A big DEw AR-vessel H is, by means of a strong net of 
silk, suspended in a cylinder-shaped vessel Z . This vessel Z is 70 cms. 
high, has been loaded at the bottom with a thick layer of lead, and is shut 
oH at the top by a ring E of hard wood, saturated with molt en paraffine, 
and by a ditto cover C. The double-walled glass vessel is 42 cms. high and 
11.5 cms. wide, and the walls have been silver-plated on both sides 1). 
Between the wall Zand the DEw AR-vessel H there remains a thin layer of 
air; in the vessel and separated from it by a thin layer of feIt v, is the 
calorimeter-body proper, viz. a cylindric block of pure aluminium A, 
weighing about 6000 grammes, and 27 cms. high, suspended by three 
strong silk wires, which just as the silk net y are fastened to the wood en 

1) This beautiful DEWAR-vessel was made at the Physical Laboratory of the Leyden 
University; for the gracious assistance we wish to express once more our heart-felt thanks 
to the Directorium of said Institution. 
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ring E and which are kept together near the margin of H by a wooden ring 
r The aluminium block A, which has a diameter of 10.1 cms., possesses 38 
cylindrical borings, arranged in two concentric circles, each of which is 16 
cms. deep and 0.4 cm. wide. These borings serve to fix 36 thermo-elements 
of copper-constantan, arranged in four series of 9. These series can, at 
wilt be connected parallel or in series. Wh en standardizing these thermo
elements, the other two borings are used to fix two standard-thermo
elements; or to contral by means of two supplementary sets of thermo
elements which are arranged in series, any accidentally occurring, extremely 
slight fluctuations in the temperature of the calorimeter-water during the 
measurements. The arrangement of the borings is clearly visible in Fig. 4, 

Fig. 4. 

representing the aluminium-block seen from the top. In each boring there 
is a very thin-walled capillary tube 0 of porcelain at the bottom and fixed 
in the boring by means of closed ROSE'S alloy, so that there exists an 
immediate metallic contact between the capillary and the aluminium-block. 
In these capillaries are the wires of the thermo-elements with their junctions 
in À, which wires are covered with a layer of a well-isolating varnish and 
fastened to the bottom by means of shellac. Beforehand they have, over 
their entire length, been made properly homogeneous by repeated heating 
and cooling and further treatment according to WHITE 1) . The wires h'h 
of the thermo-elements, which come from the calorimeter, are also well-

1) W. P. WHITE, Phys. Zeits., 8, 337, (1907). 
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isolated. On leaving the DEW AR~vessel. they are led through the openings 
g of the wood en ring E, which are filled inside with a mixture of wax and 
resin. Giving any kink to the wires should be carefully guarded against. 
Outside the ring these wires rested originallyon pieces of mica, placed on 
a flat~conical ring s", which had been made of perforated zinc~plate. Later 
on, however, it was found that it was even better not to use the ring at all. 
The second junctions ~ of the thermo~elements are placed in a red~copper 
ring N below the water~level of the thermostat, this ring having a diameter 
of about 34 ems. It has been made of rectangular bar~copper of 1.3 cm. by 
1.9 cm. These junctions are also placed inside thin~walled porcelain 
capillaries f3, which by means of ROSE'S alloy e, have been sealed in 36 of 
the 38 borings of the red~copper ring N . When, as has been said above, 
the two other borings were used to control the temperature of the water, a 
series of thermo~elements we re joined to them, whose other junctions had 
been placed in a DEwAR~vessel WIed with pure ice. The copper ring N lies 
on the bottom of a hollow conical vessel y of copper~plate, which has been 
filled almost to the brim with pure, molten and again solidified paraffine P. 
In order to maintain a perfectly constant temperature, it proved necessary 
to surround this jacket y with a cylinder~shaped copper jacket F of the 
shape indicated in Fig. 1. and to add to it a screen lT. It is better still to 
place a second copper screen outside the jacket F. 

§ 4:. The following remarks must be made about the temperature 
measurements by means of the thermo~elements. As is always done in this 
laboratory 1), all measurements were made with the aid of a potentiometer~ 
installation void of thermo~electric contact~potentials (made by O . WOLFF), 
this time with five in stead of the usual th ree decades; potential differences 
smaller than those indicated by the smallest decade~unit, we re measured 
by the deflections of a calibrated galvanometer (according to ZERNIKE), 
which, at a critical resistance of 30 Ohm and a sensibility of 10-10 Amp., 
had a period of only 2 seconds. The working current of the potentiometer 
was chosen in such a way that each unit of the compensator corresponded 
to 2000 Mikrovolt ; in the final measurements the deflections of the gal~ 
vanometer were always measured both to the right and to the left, by 
means of a switch equally free from all contact~potentials, which allowed to 
reverse the direction of the current in the compensator at any moment. 
A very weak current always circulated in the bank, so that no measurements 
were begun, before th ere was absolute certainty, that the temperature of 
the resistance~coils did not undergo any change worth mentioning. Before 
each measurement, the complete compensation of the instrument was 
always controlled once more 2). 

I) P. M. JAE.GER. Eine Anleitung zur Ausf. exakter physiko-chem. Messungen (1913) 
Groningen. p. H. 

2) On moist days it appeared desirabie. to blow a slow current of carefully dried air through 
the box of the potentiometer. in order to eliminate the condensed water-vapour on the coiis. 
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The four coup les of wires of the four series of thermo~elements. which 
had to serve as connections to the potentiometer were. well~isolated. led 
outside the calorimeter through the opening a and fixed si de by side in a 
reservoir filled with solidified paraffine. They we re then placed over glass~ 
rods provided with mica~rings and in this way connected with the 
measuring~apparatus. The same compensator was also used. when 
measuring the furnace~temperature by means of a platinum~platinum~ 

rhodium~thermo~element. It thus became necessary to put all measuring~ 
instruments on inter~ and terrestrial~connected metal~plates. as suggested 
by WHITE 1). in order to prevent. when using electric resistance~furnaces. 
that at high temperatures. any leakage of the furnace~current to the 
measuring~apparatus could occur. 

All temperatures have been reduced to the scale of the nitrogengas~ 
thermometer of Washington. as fixed by DAY and SOSMAN. The platinum~ 
platinum~rhodium~thermo~elements used were calibrated by comparison 
with a standard~element. which was standardized in Washington . and by 
determining a series of characteristic and weIl known melting~points 2). 
For the alternate reading of the thermo~elements in the calorimeter and in 
the furnace. plug switches free from all contact potentials were constructed. 
Also for the connection in series or parallel to each other of the four groups 
of thermo~elements in the calorimeter. plug~contacts were used. which too 
were practically free from contact~potentials and accessory resistances. 
Besides. any disturbances of this nature could always be eliminated by the 
application of the method mentioned above. viz. of reversing the working 
current in the compensator. 

The calibration of the copper~constantan~thermo~elements in series of 
nine elements. led in the first place to this result. that all elements appeared 
to be identical and to be fixed in the calorimeter with a complete insulation. 
For each set of 9 elements. it appeared that the temperature t as a function 
of the electromotive force E could be expressed by the equation : t (in 
degrees C) = 0.00279698 E - 0.00000000629 E2. when E is expressed 
in Microvolts. From this it follows. that a potential difference of one 
Microvolt corresponds between 19 and 23° c.. - that is within the limits of 
the temperature~variations of the calorimeter. which lie between 7000 to 
8000 Microvolts in · aJI meàsurements. - to a change of temperature of 
0° .002703 C. for each set of thermo~elements. If all elements are connected 
in series. the indication ·of the 36 thermo~elements corresponds consequently 
to 0° .000676 C. lor a potential difference of one Microvolt . Thus it 
appeared possible to determine temperature~differences of 0° .000 1 C. still 
with absolute certainty. 

I) W . P . WHITE. Phys. Rev .. (2) 8. 337. (1907). 
2) NaN03 (308°) ; NaCl (800°); L1i Si03 (1201°); artificial Diopside (1391°); artificial 

Anorthite; (1551 °); BaSi03 (1604°) were used. Corrections of thermo-element K : at 
308° : +lOM.V.; at 800°: -13 MV,; at 1201°: +6 M.V. ; at 1391°: +23 M.V.;at 
1604°: + 56 M.v. 
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§ 5. In the centre of the aluminium bloek A an opening 5 cms. wide 
was bored which continu es with a gradually reduced diameter" to a 
cylindrical boring e of a diameter of about 2.7 cms. At the lower si de of 
it a nicely fitting piece of aluminium k is fixed which firmly impinges on 
the wa lis and which has been provided with a steep conical boring. The 
whole inner~wall of this central channel, and also that of the conical part in 
its lower end is provided with a lining of purest platinum of 0.35 mm. , the 
turned down and flattened border of which can be clearly distinguished in 
Fig. 4. This platinum~lining has a weight of about 120 grammes. By 
applying this conically narrowed part k. a much better contact is brought 
about between the calorimeter~wall and the introduced heated object, than 
with the original apparatus in which the object was caught on a platinum 
sheet. supported by a tungsten~spiral. The time necessary to restore the 
normal decrease of temperature of the calorimeter since the moment of 
introducing the heated object into it , could be reduced in this way from 
several hours to half an hour, while the maximum temperature. e.g. even 
in the case of platinum heated at 1600° c., appeared now already to be 
attained in about eight seconds, instead of after several minutes. By 
constructing a new and better~ fitting platinum~lining of the calorimeter~ 
space, it was finally possible to improve the interchange of heat to such a 
degree, that the total delivery of the heat of the hot object, - in the case 
that this is a metal l ), - appeared to be completed atter a tew seconds 

A 

Q 
v 

already ; so that it was not even possible 
to persecute the initial increase of 
temperature until its maximum by means 
of the switch gear of the potentiometer. 

The heated object which falls into the 
openig w of the metal~block is first 
caught by an extremely mobile trigger n, 

which enables the nickel lid Q . - which 
in its turn is driven, as indicated.in Fig. 
5 , by the strong steel spring V' , - to 
shut oH the opening w in a minimum of 
time. This mechanism , which works like 
a "mouse~trap" , and the lid Q are clearly 
visible also in Fig. 4. 

Finally it should be stated that the 
Fig. 5. porcelain tube B. which also passes the 

water~cover D . is firmly fixed in the' wooden lid C. by which the cylinder 
of the calorimeter is closed at the top. This tube B forms the passage for 
the heated object into the channel of the calorimeter. 

§ 6. For heating the substances to be tested, electrical resistance~ 

1) In the case of such sub stances as water, porcelain, etc. the complete heat-delivery 
lasts somewhat longer. 
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furnaces are applied with platinum-coils wound on their inside walls. of 
the type always used in this laboratory 1). 

In order to prevent as much as possible the heat-radiation from the 
furnace to the feIt-jacket and outwards. the furnaces around and at their
bottom are provided with double-walled, detachable jackets and water
screens, in which a current of cold water is continually flowing (Fig. 6). 
The construction of these furnaces is indicated in Fig. 6 . The furnace has 

Fig. 6. 

been placed on an iron frame W , which rests with three legs w on the iron 
table T. which in its turn stands with its legs t on the firm foundation-plate 
B. This last one can be moved on iron rollers over a couple of rails. The 
water-jackets, which are all interconnected, are indicated by M in Fig. 6. 
The furnace U ECD which is composed of chamotte-parts and which is 
kept together by iron rings n and n' and by draw-bars (not indicated), has 
a core 0 of hard magnesite with a platinum coil of 1.3 mmo wire-diameter 

I) F. M. JAEGER, Anleitung, etc., Groningen, (1913). p. 37). 
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wound on its interior wall; the filling s consists of burned magnesia. The 
MARQUARDT-tube GG' is, at the bottom, surrounded by the water-screen P, 
and is pressed against the tube by an elastic metal-tube r. A water-screen 
Q shuts oH the tube at the bottom. This screen can be turned on a hinge e 
provided with a steel spiral string 0; it can at the desired moment, - i.e. 
when the crucible is detached from its suspension-wire in the furnace, -
be drawn aside by the pull-rope V, and then, within a very short fraction 
of a second, immediately be brought in its former position. H is the tube 
leading into the calorimeter. The cooling by Pand Q is so eHective, that 
the outgoing water in b2 remains perfectly cold ; and there is no appreciabIe 
radiation to the calorimeter possible, even when the furnace is brought at 
1625° C. 1). The chamotte-ring U consists of two parts, which enables the 
exact centring of the suspended system xpx'K in the furnace at any 
temperature. The still remaining, but very feebIe currents of hot air, rising 
along the furnace-walls, were rapidly made harmIess by letting them out 
with the help of a big ventilation-flap. In order to prevent an undesired 
heating of the room by the JOULE'S heat of the furnace-current, the furnace
rh eo stat was also completely surrounded with a jacket of wood, and the 
heated air in it was, in a similar manner, finally eliminated along a range 
of pipes. Besides, great care was taken to keep the temperature of the room 
as much as possible constant at 20° C. day and night, af ter the central 
heating of the building had been partly turned oH. This was do ne by means 
of a gas-oven, which had been provided with a big thermoregulator. The 
resistance-furnace had been mounted on detachable iron rails over the 
calorimeter; and from its remote station under the ventilator-flap, it could 
at the desired moment and with one single grip, be rapidly and perfectly 
be brought over tube B in the right position and as rapidly be removed to 
its original position. 

In the course of the measurements it appeared however, that the furnace 
need not be removed, because of the very perfect insulation of the furnace 
and of the calorimeter; so that it now remains in its place af ter the 
necessary precautions have been taken. 

The objects were suspended by a thin platinum wire in a platinum vessel 
(description see below) in the furnace, within its space of constant 
temperature; this platinum wire was instantaneously melted through by a 
strong electric current at the moment the object was dropped into the 
calorimeter. According to the nature of the substances to be investigated, 
occasionnally it proved necessary to construct, within the platinum-vesseI. 
a lining consisting of a smaller vessel of hard porcelain. With a view to 
this, both the specific heat of the hard porcelain and that of the platinum 
had to be determined accurately. When describing the measurements, we 
shall, wh en necessary, refer to this arrangement of the experiment. 

1) Thls may he controled by variation of the time of falling of the heated object: usually 
thls time did not exceed O.OS" till 0.1 second. 
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To determine the water-equivalent of the calorimeter and to standardize 
the thermocouples, a double-wa lied copper air-bath was used, which had 
been well-isolated with asbestos and felt, and in which, by means of electric 
heating, water-vapour of a temperature given by the momentary atmo
spheric pressure, was produced. Only af ter about three quarters of an hour 
it appeared that the object in it had entirely adopted the temperature of the 
air-bath, which temperature was determined by means of a thermo-element, 
which either touches the platinum-vessel or is placed into its centre. Also 
this heating-apparatus worked most satisfactorily, if the necessary 
precautions be taken. 

§ 7 • Water-equivalent of the calorimeter; way of determining this 
value and of the coolingconstant k of the instrument. 

After the normal temperature-course of the calorimeter has been deter
mined, and after the heated object has been introduced into the calorimeter 
at the moment lO' the temperature will first rise rapidly; th en it will fall 
again, after which, wh en all the heat has been given out, the normal 
cooling-course of the calorimeter is at last re-established. Wh en a calori
meter is used containing a liquid, by means of which a very rapid delivery 
of the heat and an equal distribution of it is eHected by permanent intensive 
stirring, the temperature X at the moment lO' which the calorimeter would 
have attained at an infir.itely rapid heat-exchange between the hot object, 
and the instrument, can, in a well-known manner, be found by a simp Ie 
graphic extra-polation of the cooling-curve in function of the time. In the 
metal-calorimeter, in which this stirring is not possible, a maximum 
temperature C will be attained af ter a short time, which is dependent on 
the heat-conductivity of the metal, on the place in the metal-block where 
the thermo-elements have been located, and on other factors. The curve 
which gives the temperature T as function of the time l (Fig. 7) can be 
thought as existing of two parts: the "normal" part DE and the "abnor-

Temperature 

c 

A E 
~--------L-------------------L-----------------~L-------nme 

t. I, 

Fig. 7. 
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mal" part BeD. If the temperature-course of the calorimeter before the 
introduction of the heated object is represented by A B, the question is to 
substitute for this abnormal part the "normal" curve PIX, which must be 
considered as the piece of the normal cooling-curve adjoining DE. In this 
case X represents the required value of the calorimeter-temperature at the 
moment to, which would have prevailed in the calorimeter at an infinitely 
rapid exchange of the heat and at an infinitely rapid indication of the 
temperature by the thermocouples, as a mere consequence of the heat 
emitted by the heated object. As the thermo-elements have been fixed about 
half-way between wand the outer-wall of the metal-block, the maxima I 
temperature C is always higher here, than the true temperature X. 

According to a method of MAGNUS, whiçh is somewhat extended by us, 
this temperature X can be found by means of the following considerations. 

If it be supposed, - which suppositions may be considered as very 
probable ones, - that : 

l st. also during long intervals of time the mean value of the temperature 
of the water surrounding the calorimeter remains constant; 

2nd. the loss of heat of the calorimeter as a whole is dependent solelyon 

the difference in temperature at any moment between the calorimeter and 
the surrounding water, this loss of heat being always directly proportional 
to that difference of temperature ; 

than, if e is the electromotive force of the thermo-couples and t the time, 
we have: 

àe 
- àT = k. e. 

If at the time T = 0, the heated object is introduced into the calorimeter, 
it follows that : 

T _J'à: = k . t. 

o 
Therefore: 

IOlog eo - IO/og eT = 0,4343. k . T, 

eo being the electromotive force of the thermo-elements at the time t = 0. 
F rom this follows : 

IO/og eo = IOlog eT + 0,4343 . k . t = 1Oiog eT + k' . r. 

To find the "cooling-constant" k' = 0.4343 . k of the calorimeter, we 
have measured the electromotive forces e~! and eT2 at the moments tI and 
t 2, af ter the cooling-course of the instrument had again become "normal" , 
i.e. in Fig. 7 af ter the point D has been passed. 

From: 
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it follows: 
101 lOl 

kt = 0.4343 k = og eT, - cg eT •• 
(r2-r l) 

In this way we found in five series of preliminary experiments, which 
were extended on intervals ranging from 16 to 20 hours, for kt the conse
cutive values: 0.0006746; 0.0006744; 0.0006742; 0.0006741; and 
0.0006742 M.V. pro minute. Hence, it is seen that with this arrangement 
of the apparatus, even during very long intervals of time, k' may indeed be 
considered as being practically constant, having the mean value: 
0.0006743 M.V. pro minute. Afterwards, when all necessary improve
ments of the apparatus were made, in order to eliminate all eventually 
occurring differences of temperature between the water in the cover and in 
the vessel J, the value of k' appeared to be somewhat greater, being about 
0.000702 M.V. pro minute. 

Moreover, the value of k' was redetermined in each measurement by 
measuring the electromotive forces eT, and eT. with an interval of 10 
minutes since the moment at which the normal course of the calorimeter 
was re-established. 

As an illustration of the way in which for instance the water-equivalent 
W of the calorimeter was determined, the following data may be mentioned 
here, which we re determined before the final improved platinum-lining of 
the instrument was applied. 

Into a small conical crucible of platinum, accurately fitting in the conical 
boring k of the calorimeter, a sufficient and exactly known quantity of 
pure water was introduced. The crucible was closed by means of a platinum 
cover, tightly solde red to it with silver; a small platinum tube for filling 
the crucible, as weIl a small hooklet were fixed in this cover. 

Weight of the platinum: 10.8192 grammes ; weight of the silver : 0.0562 
grammes ; weight of the tin: 0.1408 grammes ; weight of the water: 
5.9564 grammes. 

The water-equivalent of the whole crucible was, therefore, equal to: 
(10.8192 X 0.032 + 0.0562 X 0.055 + 0.1408 X 0.044 + 5.9564) = 
= 6.3125 ca lori es 1) pro degree C. The crucible was suspended in the 
copper air-bath formely described, by means of a thin wire; th en it was 
heated by means of water-vapour and. af ter the temperature had become 
quite constant, it was suddenly detached by means of a special mechanism 
and caught in the calorimeter, the temperature being now observed af ter 
regular intervals of time. 

Reduced barometer-indication: 762.66 mmo (0° c.); the boiling point 
of the water is, therefore. equal to: 100° .096 C. The temperature of the 
crucible read directly was: 100°.07 + 0°.03 (correction for the projecting 
mercury-thread) = 100°10 C. 

1) Here and in the following we have adopted as unit always the mean gramme-calorie; 
the reduc:tion of this unit to the other usual units is. moreover. in each case easily made. 
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The temperature of the surrounding water was: 20°.067 C. 
(In the following table the electromotive forces of the thermo-couples are 

indicated bye'; they must be multiplied by 2000. if these va lues be reduced 
to Microvolts ) . 

I Electromotive Forces 
observed: 

Time: 

el . 
(to the right) · I el (to the left): 

P .M. lh 591h m 0.0498 -

2h Om - 0.0496 

2h 01hm 0.0498 -

2h 41h m - 0.0496 

2h 5m 0 .0499 Mean value - 0.04975. 

2b 51hm - 0.0496 

2h 9'hm 0.0499 -

2h lOm - 0.0496 

2h lO'hm 0.0499 -

2h llm +- The crucible is introduced into 
the calorimeter 

2h 15m - 0.2729 

2h 20m 0.3068 (max.) -

2b 25m - 0 . 3046 

2b 30m 0.3010 -

2h 35m - 0.2976 

2b 39'hm 0.2952 -

2b 40m - 0.2947 

2h 40'hm 0.2946 -

2h 44'hm - 0.2924 

2h 45m 0.2923 l M,.n v.l~, - 0.2923. 

2h 45'hm - 0.2919 

(After 19 hours): 

A. M. 9h H'!2m 0.0465 -

9h 45m 0.0461 ~ Mean v.l~, - 0.0463. 

9h 45'hm 0.0465 -

59 
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From the values of e': 0.2923 and 0.0463, the value of k' , that of the 
temperature X at 2h 11 m, and finally the value W of the water~equivalent, 
are calculated in the following way : 

Calculation of k'. The values of e' mentioned above correspond to the electromotive 
forces eT, and eT. of 584.6 M. V. and 92.6 M .V. respectively. (T.-T.) being here: 1140 minutes. 
Prom these data follows : k' = 0.0007020 M. V. per minute. 

To find eTo from eT, = 584.6 M.V .. it must be remembered that between both moments 
34 minutes have elapsed; to find the increase of temperature at the moment TO. it must be 

borne in mind. that the temperature of the calorimeter at 2h 11 m was 99.5 M.V. above 
th at of the surrounding water (20°.067 C.). 

Therefore. we have: log ero = log 584.6 + 34. k' = 2.76686 + 0.02387 = 2.79073; thus 
e To =617.3 MV .. this value corresponding to: 617.3 X 0°.000676 C. =0°.4175 C. The 
temperature of the calorimeter at TO was. therefore. equal to: 20°.4845 C.; while the 
increase of the temperature of the instrument was: (617.3-99.5) X 0°.000676= 517.8X 
X 0°.000676 = 0°.3503 C. 

The platinum crucible. consequently. has suffered a decrease of temperature from 
100°.096 C. till 20°.4845 C. corresponding to a delivery of heat of: 79.6115 X 6.3125 
calories = 502.547 calories. As the increBse of temperature of the instrument. caused by 
this heat-emission. was: 0°.3503 C., the water-equivalent W of the calorimeter is. therefore. 
ca\culated to be: 502.575 : 0.3503 calories, i.e. : 1435.1 calories. 

In a series of experiments of this kind, made with the finally perfec~ 
tionated instrument, va lues for the water~equivalent W were determined, 
which did not differ from each other more than 0.07 %. The improvements 
applied to the water~cover were made to completely fulfill the condition 
mentioned above sub 2nd , any oscillations of temperature, even very sm all 
ones, now being thoroughly eliminated. Af ter the aluminium~cone k and 
the new platinum~lining were also applied in the channel of the calorimeter, 
the renewed measurements of W furnished, in seven series of experiments, 
consecutively the following data: 1417.2; 1417.9; 1418.7; 1417.0; 
1417.9; 1417.8; and 1418.8 calories. 

The mean value of these is : 

W = 1417.9 ± 0.9 calories. 

The deviations are not greater than -+- 0.063 %; which is an accuracy 
more than sufficient. The number mentioned was, therefore, used by us in 
all later measurements. 

The apparatus here described, which is in use now already for a long 
time, has given excellent results in all respects. In the next paper we will 
publish some of these results. 

Groningen, Laboratory for Inorganic and Physical 
Chemistry of the University. 



Astronomy. - Preliminary R.eport on the Expedition to Lapland for 
the Observation of the Total Solar Eclipse of June 29th 1927. 
By A. PANNEKOEK and M. G. J. MINNAERT. 

(Communlcated at the meeting of September 28. 1927). 

I. The observation of the total solar eclipse of Jan. 14. 1926 at Palembang 
having failed through clouds. it was to be feared that in the much more 
favourable eclipse of 1929 our instruments should have to be used. before 
by practical experience possible faults could have been detected and 
corrected. This consideration induced the Eclipse Committee to organize 
an expedition for observing the total eclipse of J une 29th 1927. As the 
zone of totality traversed England. the South of Norway and the North of 
Sweden a limited programme could be executed at moderate expense. By 
the short duration of the eclipse study of the spectrum of the corona would 
be difficult. but for the observation of the flash a test of the Cooke 
spectrograph was quite possible. For this reason a request was made to the 
"Hollandsche Maatschappij van Wetenschappen" at Harlem to destine the 
"PIETER LANGERHUIZEN fund" for this year for an expedition to observe 
this eclipse. In its session of May 15th 1927 the Society decided to comply 
with our request. Immediately the preparation of the expedition. for which 
preliminary experiments had been made already at the Heliophysical 
Institute of the Utrecht Physical Laboratory. was taken energetically 
in hand. 

As our place of observation Gällivare in the northern part of Sweden 
was chosen. chiefly on account of the greater height of the sun (28°. while 
it was 22° at Aal in Norway). and also. because for our instrumental outfit 
the vicinity of the technical resources of a large industrial plant was 
desirabIe. The instruments which we re to accompany us. viere the large 
Cooke spectrograph with moving lens. and the coronacamera with liquid 
prism. The fjnancial means available allowed to send out only th ree 
observers. Messrs A. PANNEKOEK. M. G. J. MINNAERT and N. W. DOORN. 
the latter assistant at the Leyden Observatory. By special funds Mr. W. 
BLEEKER. of the Utrecht Physical ~aboratory. was enabled to join the 
expedition; his wireless apparatus enabled us to compare our chrono
meters directly with the wireless time signaIs. 

The members of the expedition left on May 26 and arrived at Gällivare 
on June 1. The same day an observing site was selected and the building 
of piers and of a shed was begun. The instruments. which had been sent 
by ship to Stockholm and further by rail. reached our camp on J une 13. 
and their erection was begun immediately. 

59* 
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2. Observing site. Most expeditions to Lapland chose their sites in the im~ 
mediate vicinity of the small towns of Gällivare or Malmberget, at a distance 
of 7-9 km from the centralline. For our work it was necessary to have our 
observing station in the immediate neighbourhood of the centralline; on the 
accompanying map the centralline is drawn and the observing place chosen 

is indicated by a cross. The central line has been computed from the 
elements of the Nautical Almanac, to which corrections dx = -0.00060 
and dy = +0.00003 were applied, communicated to us by Mr. L. J. 
COMRIE, Deputy Superintendent of the Nautical Almanac Office. The 
geographical coordinates of our observing site, taken from the map, are 

À = Ih 22m 58s E. f3 = +67° 3'.5 ; 
it is situated some kms North of the wayside station Harrträsk of the 
electrical railway Narvik-Lulea. For this site the moments of 2d and 3d 

contact were computed 5h 46m 6s.8 and 5h 46m 48.s .4 G.M.T., thus giving 
the duration 41.6 seconds. The points of contact on the solar limb were 
situated 2° l' below the diameter inc1ined 7° 10' to the daily motion. 

Dur camp could only be reached by railway; without the aid of the 
State Railway Authorities, who ordered four trains to stop th ere each day, 
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our work would not have been possible. They also had our camp connected 
with the 4000 Volt cable running along the railway; the alternating cur~ 
rent was transformed down to 220 Volt; it served so for iIlumination in 
our dark room and, converted to continuo us current of 200 Volt by means 
of a motor and dynamo, was used for charging a battery of storage cells 
and for feeding an iron arc. The storage cells, also put at our disposal by 
the Railway Authorities, drove the motors for the moving lens and for the 
rotating cylinder of the Cooke spectrograph. We are indebted for the loan 
of the necessary instruments for electrical measurements to the Laboratory 
of the .. Technische Hoogeschool" at Delft. 

3. Adjustment of the instruments. In the report on the Sumatra 
expedition the mounting of the Cooke spectrograph has been described. 
To reflect the sun beams horizontally in such a way that the daily motion 
of the solar image would be horizontal, reflection by two mirrors was 
necessary then. The first, a coelostat mirror parallel to the earth's axis, 
reflected the solar image to a point of the meridian with opposite declin~ 
ation; the second mirror then reflected it to the sou th point of the horizon. 
As, however, for the eclipse of 1927 the sun's declination was + 23° 17' 
and the latitude 67° 3', one reflection on a coelostat mirror threw the image 
to a point 20' below the southern horizon; hence one mirror sufficed here. 
The adjustment of the mirror was made in the same way as described in 
the former report, by means of the same two altazimuths from Delft and 
Wageningen, once more kindly lent us by Prof. SCHERMERHORN and Prof. 
DIEPERINK. The adjustment was more difficult here than in the Indias, 
because the azimuth of the polar axis and the inclination of the mirror to 
the axis are interdependent with a factor sin {3. For the azimuth pointings 
we could make use of a landmark on the top of the Dundret, 7 km distant, 
for which an azimuth 136° 34' was found from observations of the sun. 

The reflected sunbeams were collected by the Steinheil objective of the 
Utrecht Observatory into a solar image of 3 cms on the slit plate. This 
objective was moved by a motor with clock regulation; its velocity was 
regulated the preceding days so that on the eclipse day the daily motion 
was exactly compensated. The slit was set perpendicular to the relative 
movement of the moon, hence it was inclined 7° to the vertical, and in the 
same way the prism train, which was traversed twice by the light, and the 
spectrum in the focal plane were inclined 7°. The prisms were set at 
minimum deviation for À 4380; the spectrum extended from À 4150 to 
À 4700, but the extreme wave~lengths were not exactly in focus. For the 
first flash the slit cut an arc of 8° of the sun's limb; in this position also 
the exposure for the corona spectrum was made, and then the mirror, by 
means of a lever between two pins, was turned through a small angle to 
bring the place of 3d contact up on the slit. The di stance of the pins had to 
be regulated accurately the preceding days; but through lack of sunshine 
this could not be performed wholly satisfactorily. 
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In order to throw the sunlight into the coronacamera we could, by the 
kindness of Prof. R. SCHORR, make use of a coe1ostat of the Hamburg 
Observatory, provided with our 20 cm mirror, and adapted to this high 
latitude. The mirror was placed at a distance of 6 m. North of the liquid 
prism; the adjustment was made in the same way as for the other 
instrument. This large distance was chosen in order that only the immediate 
surroundings of the sun could send light into the camera; by surrounding 
the mirror and the light pa th with black screens, also other spurious light 
was excluded. The liquid prism, with its refracting edge set horizontalIy, 
was packed tightly in cotton wool to prevent any variation of temperature. 
To get the whole spectrum an ordinary and a panchromatic plate (Lumière 
Opta 68 X 59 mm, and Ilford Panchromatic 68 X 40) were put into the 
plate holder beside each other in such a way th at the division fell between 
À 4900 and À 5000. On this double plate two exposures were made, a short 
one of 3 sec. lasting from 5 to 8 seconds after the beg inning of totality, and 
a longer one which should end 5 sec. before the end of totality; between 
them the plate was displaced 33 mmo Then a second pair of plates was 
exposed 5 sec. to the solar crescent, weakened by an evenly blackened 
photographic plate. 

The mirrors we re resilvered some days before the eclipse. 
The adjustment of the instruments was hampered very much by rains; 

at the eclipse hour the sun was visible only on 5 days between June 13th 

and 27th. On June 28th began the Lapponian summer, a period of constant 
bright weather - often however with occasional clouds - with high 
temperature, which made the work increasingly difficult, especially by the 
increasing multitudes of gnats. 

4. The time service. Af ter the radiomasts had been erected the 
chronometers were compared regularly with the wire1ess time signaIs, for 
so far as the strong perturbations by the electric railway currents allowed 
this. The first days at 20h G .M.T. a time signal from Djetskoe Selo was 
received; afterwards we could hear at 12h G.M.T. the signalof Nauen, 
transmitted by Stockholm and Boden. The last days, however, it was in~ 
audible in our camp, and we were obliged to compare one of our chrono~ 
meters at GälIivare with those of the German expedition. That Bordeaux 
had sent extra signa Is in the morning of the eclipse, but therefore omitted 
its regular signal at 7h G.M.T., we learnt by chance only some days af ter 
the eclipse. 

To know the moment of 2d contact we made use of two methods 
described already in the Sumatra report. A te1ephone connection could be 
made at no shorter distance, because of the rough inaccessible ground 
between, than at Jokkmokk, 60 km to the S.W., at À l h 19m Os, 
f3 + 66° 36'.1. where the computed time of 2d contact was 5h 45m 5s.3 
G.M.T., 61.5 seconds ahead of the time at our site. We found Messrs 
WESTERLUND and VÄSTFELD, resp. surgeon and photographer at that 
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place, willing to ob serve the beginning of totality and give us a signal by 
telephone. The State Telegraph Authorities provided for a continuo us 
connection of their observing place via Jokkmokk-Murjek-Gällivare with 
our camp every morning 5~ to 6h G.M.T. from June 25th to 29th . One 
ob server was to watch the appearance of Bailey's beads or the disappear~ 
ance of the sun, the other would observe the passage of the shadow over 
the country. The telephone connection worked weIl all those days. 

The other method consisted in the projection of a solar image of 12 cm 
by means of a telescope of 8 cm aperture. The length of the chord of the 
crescent 20s, 12s, 8s, 6s before 2d contact was computed 0.865, 0.778, 0.695, 
0.635 diameters. On the screen lines we re drawn at these distances parallel 
to the moon's motion. The projecting telescope was placed between the 
Hamburg coelostat and the liquid prism; hence Ss before 2d contact it 
had to be removed by an assistant. 

5. The eclipse da!}. The arrangement for the eclipse was: 
Cooke spectrograph: Dr. M. G. J. MINNAERT, assisted by Mr. W. 

BLEEKER for the moving lens and the mirror; coronacamera : Mr. N. W. 
DOORN; time service Prof. A. PANNEKOEK, assisted by Magister J. L. H. 
MOOSBERG, teacher at Malmberget, who also during the preparations had 
given us valuable aid. Several rehearsals had taken place on the preceding 
days. 

In the morning of June 29 the sky was nearly clear; during the partial 
phase some thin clouds passed before the sun. During totality the sun was 
quite cloudIess. On the projected image the sun's limb was seen strongly 
boiling. 

The telephone signals from Jokkmokk we re received 5h 45m 6-7s 

(observation of the sun) and 5h 45m 11-12s (observation of the shadow); 
probably in consequence of the small difference in diameter of the sun and 
the moon the decrease of illumination was not so sudden as in other 
eclipses. The 2d contact was thus assumed to take place at 5h 46m 9s, and 
in this way the seconds -20s, -12, 11 , 10 . .... . were called out. The 
projected thin crescent - of which one cusp was broken up into separate 
specks - was somewhat too short, i.e. the counting was Is too late ; th us 
in counting the number 6 was omitted and the numbers 8, 7, 5, 4, 3, 2, I , 
0 , I, 2 ...... were called. The disappearance of the sun's light was not 
observed; from the observations of the crescent 5h 46m 8s G .M .T. was 
the time of 2d contact. At 38 the place of 3d contact was seen brightening, 
and af ter 40 the sunlight reappeared ; 5h 46m 48s.5 G .M.T. may be taken 
as the end of totality. 

At the Cooke spectrograph the moving lens was started at 5h 44m 17s. 
In the finder 70 sec. before 2d contact several Fraunhofer lines (H f3 and 
surroundings) we re seen to be reversed. At count -Ss the circuit for the 
motor of the rotating cylinder was closed, and the first plate was exposed ; 
on account of the slipping of the driving cord the cylinder had to oe 
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displaced at first by hand, so that a somewhat too long time elapsed before 
the second exposure. At count + 78 the circuit was broken, the 6th plate 
was exposed before the occulting sector stopped, and the 7th plate was 
exposed for the corona 1 spectrum from + 17s till + 34s, the moment that 
the mirror was turned. A faint orange ring was visible on the slitplate; 
the slit seemed to stand outside the moon's limbo The motor was again put 
into action between + 36s and + 37s, and was stopped af ter the exposure 
of the 12th plate. 

With the coronacamera the first exposure lasted from +5s till +8s, and 
af ter moving the plate, the second exposure was given from + lIs till +37s. 
Then the plateholder was changed and an exposure on the sun's cr es cent 
was made from + 18s till + 28s. 

6. The comparison spectra. Photographic negatives, which will be 
used for photometric purposes are standardized, as a rule, by putting 
comparison spectra of known intensity upon them. In our case these 
spectra, for fear of spurious light on the eclipse plates, were taken on other 
plates, which were cut from the same piece, and were developed together 
with the eclipse plates. The taking of these comparison spectra occupied us 
several days af ter the eclipse in increasingly difficult conditions. 

For each of the 12 plates taken with the Cooke spectrograph 3 sister
plates were exposed: one to the solar spectrum, one to the spectrum of an 
iron arc, and one to the continuous spectrum of a Nitralamp of known 
temperature and distribution of energy along the spectrum. In all these 
cases the slit was equally illuminated by the source, and a reducer, 
consisting of a thin glassplate, half silvered in equal steps of decreasing 
transparency (Stufenfilter) was placed before the slit. By this means 
every comparison spectrum was divided into homogeneous strips, for which 
the relative intensities were exactly known. 

For the plates taken with the coronacamera also two kinds of 
standardizing spectra have been taken on sister-plates; a broad slit with 
collimator was set before the liquid prism and illuminated one time by a 
Nitralamp shining on a piece of chalk, another time by a Neonlamp giving 
a series of monochromatic rectangles. Also in this case the stepped 
absorbing screen was set before the slit. 

The plates were developed (always eclipse plates and sister plates 
together) by Messrs MINNAERT and DOORN; here unexpected difficulties 
arose by the tropical temperature in our dark room for nearly the whole 
24 hours of the day. Therefore as a developer metol-hydrochinon-borax, 
which is of much use in the Indias, and which gives weak contrasts and 
little fog, was used. The panchromatic plates we re at first desensitized in 
pinakryptol and then developed as ordinary plates. Distilled water was 
supplied by the laboratory of the Iron Works at Malmberget, which had 
also pro cu red us nitric acid for silvering the mirrors. 

After the plates had been developed the instruments were packed on 
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July 5th ; part of them, which was wanted for the observations on Gorner~ 
grat, Mr. MINNAERT took with him to Utrecht; the rest was conveyed 
by the steamer "Wallrat Tham" from LuIdt to Rotterdam. 

7. Results. The first plate of the Cooke spectrograph shows the 
flashspectrum consisting of lines of nearly 3 mm, superposed on a some~ 
what narrower strip of continuous spectrum of the sun's border. Between 
À 4150 and 4700, a number of 300 emission lines may roughly be estimated; 
on the continuous strip they are combined in a varying degree with 
absorption lines of the border. The next plates only contain, with decreasing 
intensity, some of the brightest chromospheric lines of Hand He ; probably 
by the slow starting of the motor the 2d plate was exposed only af ter 
2d contact. The 7th plate. which was exposed 17 seconds, does not show 
any coronal line. The other plates, which should have been exposed to 
the second flash, contain no lines; probably the slit stood far beyond the 
sun's limbo 

The first plate, part of which has been reproduced in fig. 1 of Plate I 
renders it possible, by means of the comparison spectra, to deduce va lues 
for the intensities of the chromosphere lines. As an in stance of the 
procedure followed we give below for a small part of the plate, a 
registrogram made with a MOLL registering microphotometer; the straight 

".0 

l'., 
lIJ. 5 
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lines at the top and the bottom of the figure denote black (transmission 0) 
and clear film. In the same way registrograms have been made from the 
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strips of the continuous comparison spectrum, from which the transmission 
was read for each strip of known intensity. This gives the relation between 
the transmission of the silver deposit and the intensity of the light for a 
number of values; they were represented by a curve, which was used to 
deduce the intensities in the flash registrogram for the tops of the curve, 
rendering the emission lines, and the lowest points indicating the back~ 
ground; by subtraction a value for the intensity of each line was found 
and has been inscribed in the figure. All lines in this part of the spectrum, 
contained in MITCHELL's large catalogue, are visible in our curve. 

On the plate taken with the corona camera, (of which fig. 2 Table I 
shows areproduction to scale) both exposures (of 38 and of 268 ) contain 
astrong continuous spectrum, strongest of course in the tangential bands, 
and a number of monochromatic rings too. For the greater part they are 
chromospheric emissions; they may be identified with the following lines : 

3889 (He). 3934 (Ca+). 3969 (Ca+. HE), 4026 (He). 4078 (Sr+) 4102 (Hd), 
4216 (Sr+). 4341 (Hi'), 4472 (He), 4861 (HP), 5876 (He), 6563 (Ha). 

Furthermore three corona I rings are visible at À 6375, À 5303 and À 3987. 
In figs. 3 and 4 Plate I. a five times enlarged reproduction of parts of the 
exposure of 26 seconds, these rings are easily visible. Perhaps a trace of 
the emission À 4231 is to be found on the negative, but quite uncertain. 
If we compare this with the intensities, given by STRATTON and DAvIDSON 
(for these lines 5, 20, 10, 10) th en it follows that the 4231 emission in this 
eclipse was fainter than 1926 Jan. 14th and in other eclipses. This explains 
at the same time why the 7th Cooke plate does not show any coronal line. 
The small number of corona} rings on the corona camera plate is chiefly 
due to lack of contrast with the continuous backgroWld, which in this 
eclipse was very strong because the lowest and brightest parts of the inner 
corona we re not covered by the moon. A still greater dispersion woulà 
have been needed to weaken the background so much that more rings could 
be visible. We will try, by measuring the blackness of the rings on this 
plate, to derive values for the intensity of the monochromatic light of the 
corona by means of the comparison spectra. 
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Fig . 1. Spectrum of Chromosphere (i. 4210 to i.4530) photographed with the 
COOKE-spectrograph. 

Fig . 2. Spectra of Chromosphere and Corona with the Corona Camera. 
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Fig. 3. Red. yellow and green part of Fig. 2 (enlarged 5 times). 

Fig. 4. Violet part of Fig. 2 (enlarged 5 times) . 
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Botany. - On the retarding influence of the longitudinal component ot 
gravity on the geotropie reaction of roots of Pisum sativum. By 
WILLEMINA M. COELINGH. (Communieated by Prof. F. A. F. C. 
WENT). 

(Communic:ated at the meeting of September 21. 1927). 

The sine~law for geotropism states th at wh en a force F (gravity or 
centrifugal force) makes an angle a with an orthotropieal organ, its tropistie 
action is such, as if only the component perpendieular to that organ existed. 
The action is, therefore, proportional to F sin a. 

However, it has been shown lately for roots that a force, acting in the 
direction of the axis of an organ, need not be without influence, it may 
e.g. change the speed of the tropistic reaction. 

With main roots of Lupinus albus M. M. RISZ found that a longitudinal 
force checks a transvers al geotropie stimulus. 

W. ZIMMERMANN noticed th at in main roots of Lepidium sativum an 
inverse longitudinal force (i.e. directed from top to base) slightly weakened 
a preceding transverse stimulus. 

H. LUNDEGARDH experimented with Pisum. He saw in the longitudinal 
component one of the causes of the plagiotropieal growth and of the 
constant angle made with the direction of gravity by the secondary roots of 
the first order. According to him a secondary root is orthotropieal and does 
not assume a vertical position only because in the angle a the action of the 
transverse component (mg sin a) is wholly counteracted by the influence 
of the longitudinal component. 

G. VON UBISCH repeated his experiments and extended them to main roots 
of peas. These roots are also supposed to show a constant equiJibris~angle 
with the direction of gravity, though much smaller (about 5°) than that of the 
secondary roots (about 70°), the checking influence of the longitudinal force 
being much smaller in the main roots. Moreover she carried out quantitative 
experiments on the influence of the longitudinal force. She stimulated a 
secondary root both transversally and vertically, one of the forces being 
a centrifugal force, the other being gravity. She then determined the amount 
of centrifugal force required to keep the roots just straight. It appeared 
that this happened when the longitudinal force was about 1/3 of the 
transverse force, so mg and 3 mg, or 1/3 mg and mg. In this she sees a 

support of LUNDEGARDH 'S opinion (she found a constant angle of 70° 
and tg 70° is about 3). 
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F. RAWITSCHER has pointed out that her experiments are not very 
convincing in this respect. The two forces she studied will have the same 
action as their resultant force and this resultant force makes an angle of 
about 70° with the root. Her experiments, therefore, only show that a 
secondary root is at rest even when it makes an angle equal to the constant 
angle with th is resultant force, which is greater than mg. The same may 
be said of her experiments with main roots. RAWITSCHER suggests to let 
the two forces work intermittently with the aid of an intermittent clinostat. 

I did this and for this purpose took the same race of peas as used by 

LUNDEGARDH and Miss VON USISCH: the "grüne Concordiaerbse" which 

Dr. AKERMAN was kind enough to send us from Svalöf. 
I soaked them for 12-24 hours, removed the seedcoat and fastened 

them by means of pins in glass culture dishes. The bottom was covered 
with paraffin on which a piece of wet black filter paper was placed. The 
roots did not touch the paper and, therefore, grew in moist air. Care was 
taken to ensure sufficient ventilation and the humidity was kept as high 
and as uniform as possible. In the dark room the temperature was 
usually 18-20° C. 

The experiments were carried out with the aid of a new intermittent 
clinostat constructed in the botanicallaboratory of the university of Utrecht 
and not as yet described. I also used an intermittent clinostat of FITTING. 

I worked chiefly with main roots, about 3 centimeters long (about 3 days 
af ter germination). Each experiment was carried out with 3 dishes . A, B 
and C, containing 8 peas each. The axis of the clinostat was horizontal. 
gravity acting alternately in the directions and during the periods 
indicated in the drawing. 

) 

'21 min. 

A :s. c. 
Disli A and B were placed on the new clinostat, C on the one of FITTING. 

In th is way I succeeded in stimulating all the peas transversally 1 minute 
in every 4 minutes. In the remaining 3 minutes the roots in A were 
stimulated longitudinally, those in B inverse~longitudinally; those in C 
received two equal and opposite transverse stimuli. Sometimes I stimulated 
all th ree dishes 2 minutes and 1 minute, namely in experiment 5 and 6. 
but th is makes no real difference. 
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Z 

A 

I I h. 50 min. 00 

2 3 h. 15 min. 00 

3 I h. 25 min. 3 h. 50 min. 

10000 

5 3 h. 15 min. 00 

6 2 h. 30 min. 00 
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The experiments cannot be compared quantitatively, owing to small 
diHerences in age, treatment etc. of the roots. The roots from A, Band C 
belonging to the same exppriment. however, are perfectly comparable. The 

sign 00 means that at the end of the experiment the roots did not show 
any curvature. Stimulating intermittently I, therefore, found no influence 
of the inverse vertical position on the reaction~time which was, however, 
considerably lengthened by stimulating in the ordinary longitudinal 
direction. 

I repeated these experiments with (unstimulated) secondary roots. The 
results were about the same i.e. the roots in Band C began to react sim ul
taneously. Those in A , however, could not be induced to react even by 
changing the intervals to 2 : 1. I carried out some special experiments to 
study this point with considerably more material but even af ter 
12-20 hours all the rootlets remained straight. 

Could I have found an accelerating action of the inverse longitudinal 
force in my main roots? 

According to Miss VON UBISCH the inverse longitudinal force strengthens 
a preceding transverse stimulus as much as an equal transverse force would 

do. LUNDEGARDH gives as presentation~time for the main roots 5 min. 
(at 26° c.; at 18-20° C. it will be still more). To reach this presentation~ 
time by stimulating 3 min.-l min. C requires 20 min., B 5 min .. this 
makes a diHerence of 15 min. in the reaction-time. 

This estimate is, of course, rough and probably too low. But my method 
was surely suHiciently sensitive to ascertain a diHerence as large as this. 

The result of my experiments, therefore, is that an evidently retarding 
influence of the longitudinal force has been found, whereas I failed to 
find an accelerating influence of the inverse longitudinal force. 
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Chemistry. -- Osmosis of ternary liquids. General considerations 11. 
By Prof. F. A . H. SCHREINEMAKERS. 

(Communicated at the meeting of October 29. 1927). 

The changes in concentration of the liquids; normal and 
anormal apparent osmosis. 

If the liquids of the osmotic system 

L : L' (1 ) 

travel along the osmosis~path. th en the concentrations of the sub stances 
X Y and W change every moment. If we only consider the concen~ 
tration of each of those sub stances separately. without considering them 
in their mutual relation. th en ·we might draw condusions from this. 
which would sometimes be absolutely in variance with reality. 

For it is impossible to deduce only from the change of the concen~ 
tration of one of the substances. in which direction this substance dif~ 
fuses through the membrane; for this we have to know the change of 
the concentration of all substances. 

As. in examining the osmosis. the changes in the concentrations of 
liquids are most striking. we shall discuss them flrst; with this we shall 
at the same time have occasion to point at some examples of this ap~ 
parent osmosis. 

If we assume. to concentrate our thoughts. the liquid on the left side 
of the membrane has a smaller amount of X than the right side liquid. 
we can distinguish the following cases. 

a. The amount of X of the left side liquid becomes 
of the right side liquid becomes smaller. We rep re sent 

t<-l-

greater and that 
th is by the signs: 

(a) 

The sign < indicates that the left side liquid has a smaller amount 
of X th en the right side liquid. The left si de arrow t which is pointed 
upwards indicates th at the amount of X of the left side liquid increases; 
the right side arrow -l- which is pointed downwards iodicates that the 
amount of X of the right side liquid decreases. 

b. The X~amount of both liquids increases; we represent it by: 

(b) 

The meaning of it is dear now. To the meaning of the sign« near 
the right arrow we shall refer later on. 
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c. The X~amount of both Iiquids decreases; we represent it by: 

(c) 

d. The X~amount of the left side liquid becomes still smaller and 
that of the right side liquid becomes still greater; we represent it by: 

(d) 

In following considerations we shall discuss experimental examples of 
such cases. 

N ow we shall say: 
A. the X~amount of a liquid changes normally. 
1. if it increases. wh en the liquid on the other side of the membrane 

has a greater amount of X; 
2. if it decreases. wh en the liquid on the other side of the membrane 

has a smaller amount of X; 
B. the X~amount of a liquid changes anormally. 
1. if it increases. although the liquid on the other side of the mem~ 

brane has a smaller amount of X; 
2. if it decreases. although the liquid on the other side of the mem~ 

brane has a smaller amount of X. 
Applying this to the cases. mentioned above sub a-do we see that 

on the side wh ere we find the asterisk. the X~amount changes anormally; 
on the side wh ere this sign .. is not found. the X~amount changes 
normally. 

In case a both liquids change normally; we now shall say that the 
system changes normally~normally. 

In case b the left side liquid changes normally but the right side 
liquid anormally; consequently the system changes: normally~anormally. 

In case c we shall say th at the system changes anormally~normally 
and in case d that the system changes anormally~anormally. 
Of course the words normal and anormal should not lead us to look 

upon the one phenomenon a more normal than the other. 
All we have discussed above as regards the X~amount of a liquid 

is valid of course also for its amount of Y and W. 

In order to illustrate what has been discussed just now. we take the 
system (1) . We assume th at the liquid L contains only the substances 
Wand Y and the liquid L' only Wand X. Then liquid L is repres~ 

ented by a point 1 on the side WY and liquid L'. by a point l' on 
the side W X of fig. 1. 

We assume that curve 1 e l' is the osmosis~path of the system; the 
liquids travel along this path in the direction of the arrows. 

Each line. drawn through point e. which intersects the osmosis~path. 
is a conjugation line; its points of intersection represent conjugated 
liquids. The lines 1 . I'. 3. 3' and 4. 4' must therefore also go through 

60 
Proceedings Royal Acad. Amsterdam. Vol. XXX. 



936 

point e. The dashes at the letters m, a, band c indicate where we have 
to imagine those points on the path; consequently we imagine the points 
m', a' and b' on branch 2'. 3' and point c' on branch 3'. 4'. 

We shall begin by considering the change of the X~amount of the 
liquids. 

In point 1 the X~amount of the liquid L is zero; as it travels along 
the path 1. e in the direction of the arrows, its X~amount increases all 
the time during the osmosis and it approaches that of the terminating 
liquid e. 

In point I' the X~amount of the liquid L' is represented by the length 
of the line W 1'; as it travels along the path 1'. e, its amount of X 
decreases all the time and it approaches also that of the terminating~ 
liquid e. 

Although all this may be read easily from fig. 1, we shall yet repre~ 
sent it in another diagram, by which we get a better survey also in more 

,a. ,& 

/~ 
/ . 

, , , , 
" 

"-
"-

'\. "-
"-

'\. ," 
"-
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"-
W "- X , 

tv V' 
Fig. 1. 

difficuit cases; for this we take fig. 2 in which on the vertical axis has 
been drawn the X~amount and on the horizontal axis the time t of the 
osmosis; we shall call this the X. t~diagram of the system. 

At the time t = 0 viz. at the moment th at the osmosis begins, L is 
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found in point 1 of fig. 1 and 50 its X~amount is zero; consequently it 
is represented in fig. 2 by a point 1 which coincides with point O. 

Af ter a certain time t2 L is found in point 2 of its path; if in fig . 2 
we draw on the horizontal 

x 

Fig. 2. 

axis this time t2 and on the 
vertical axis the X~amount. 
th en we obtain also a point 
2 in this diagram. 

- - - -e Acting in the same way 
with the other liquids of the 
path 1 . e in fig . 1 we get 
curve 1 .2 . 3. e. As the liquid 
L reaches the point e theo~ 
retically af ter an infinitely 

t: long time. point e is situated 
at infinite distance. We eaU 
this curve the X-L~path. 

If we do the same for the liquid L' we get the curve 1/. 2/. 3/. e of 
fig. 2. At the moment that the osmosis begins. consequently when 
t = O. the liquid L' is found viz. in the point I/of fig. 1 and its X~amount 
is represented. therefore. by the length of the line W 1/. If in fig. 1 
and fig. 2 we express the X~a~ount in the same unities of length. then 
o I/must be = W 1/ ; this has however been neglected in this and 
following sketch~figures. 

We call this curve 1/. 2/.3/. e the X-L/~path; point e of this path 
is situated also at infinite distance; consequently the X -L~ and the 
X -L' ~path approach one another asymptoticallv. 

In order to facilitate the survey of these and subsequent figures. we 
shall draw the L~path and dot the L' ~path. 

From those paths it appears that we can represent the change of the 
X~amount by 

t < -t . (2) 

For the left side liquid has during the total osmosis a smaller 
X~amount than the right side liquid; it also appears from fig . 2 that the 
X~amount of the left side liquid increases continually and th at of the 
right side liquid decreases. Consequently we may say that the system 
has a norm al X-L~ and X-L/~path; this is indicated in fig . 2 by the 
letter N. The total system changes its X-amount normaUy-normally. 

As. according to (2). the X~amount of the left side liquid increases 
and that of the right side liquid decreases. we should perhaps be inclined 
to infer that the substance X diffuses through the membrane from right 
to left; we shall represent this by: 

L I L' +(-- X (3) 

For this conclusion. however. is not the least foundation; it may be 
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right or it may be wrong; we shall soon refer to a similar case. in 
which this is clearly shown. 

We now take the Y~amount of the liquids. When liquid L is found 
in point 1 of fig. 1 then its Y~amount is represented by the length of 
the line W.I. In travelling along the path this Y~amount at first increases 
till point mand afterwards decreases in order to approach that of the 
liquid e; consequently in point m the Y-amount is a maximum. 

If we draw in an Y. t~diagram (fig. 3) on the vertical axis the Y~amount 
of the liquids Land on the horizontal axis the time t of the osmosis. then 
we get a curve 1. 2 . m . 3 . e which has a maximum in the point m 
at the time tm. We call this curve the Y -L-path. 

If the liquid L' is found in point l' of its path in fig. 1. then its 
Y-amount is zero. As this 

I 

y 
I I 

I I I ..... .-
1.2. ..-, IJ' .. -,M. I 

Fig. 3. 

_ ~ _ _ ~-e 
N 

increases continually during 
the osmosis from point l' 
till point e. we get. there~ 
fore. in fig. 3 a curve 
1'. 2'. m' 3'. e which has 
nothing particular in point 
m'. We call this curve the 
Y-L'~path . 

It now appears from the 
figure that we can represent 
the change of the Y~amount 
of both liquids. as long as 

they are found on the branches 1 . mand 1 '. m' of their paths. by 

*t > t . (4) 

in which the sign > indicates that the left liquid has a greater Y~amount 
than the right liquid. We see from fig. 3 that the Y~amount of both 
liquids increases on those branches; as the Y~amount of the left liquid 
increases. although the right liquid has a smaller Y-amount. it changes. 
therefore. anormally. This is indicated in (4) by the sign *; in fig. 3 the 
letter A is written beside this branch. the letter N beside the other. 

IE the liquids are found on the branches m e and m' e of their path 
in fig. 3. then we can represent the change of their Y~amount by: 

i>t (5) 

Therefore both liquids change their Y~amount normally on those 
branches; this is indicated in fig. 3 by the letter N. It now appears 
from (4) and (5): 

the Y-L~path consists of an anormal branch 1. mand a normal 
branch m. e; 



939 

the Y -L' ~path deveIops normally all the time. 
the system changes its Y-amount. 
on branch 1 . m (and I'. m') anormally~anormally. 
on branch m. e (and m'. e') normally-normally. 
We shall represent the system which is formed by the conjugated 

liquids 2 and 2' by: 
I ' L 2 I L 2 • (6) 

We now may put the question: in which direction does the substance 
Y diffuse through the membrane? 

Por the change of the Y~amount of those Iiquids scheme (4) is valid; 
we see from this that the Y~amount increases on both sides of the 
membrane, so that it is clear that no conclusion can be made with 
respect to the direction in which the substance Y really diffuses through 
the membrane. Por the change of the Y~amount is only a seeming 
osmosis and not only the result of the diffusicn of the substance Y 
aione, but also of that of the other substances. Later on we shall see 
that the substance Y really diffuses according to the scheme: 

I ' L 2 I L 2 ) Y (7) 

viz. from Ieft to right. 
All this is clear without further explications if we take the system: 

LI : L; (8) 

in which the right side Iiquid contains no Y. During the osmosis the 
substance Y must diffuse from left to right and yet the Y-amount on 
the left side of the membrane still increases. 

In order to deduce the change of the W~amount of the two liquids 
we first return to the osmosis~path in fig. 1. In this we can draw a 
conjugation~Iine 2 e 2' through point e; this line runs parallel to the side 
X Y of the triangle, which not has been drawn; in point 3 the tangent 
p q has been drawn parallel to this side and in point 4' the tangent 
r v; aIso the line 1 . u runs parallel to th is side. 

The points of the line 1 . urepresent liquids, which all have the same 
W-amount; the same is true for all lines, which run parallel to X y, 
consequently for r v, 2. 2' etc. As, however, the line 1 . u is situated 
doser to the anglepoint W than the line r v, the liquids of 1 . u have a 
greater W-amount than those of the line r v; the Iatter having again a 
greater W~amount than those of the line 2. 2' etc. Hence follows: 

of all Iiquids of the L~path (curve 1 .2 . e) the liquid in point 3 has 
the smallest W-amount; this increases from point 3 as weIl towards 1 
as towards e; the W~amount is, therefore, a minimum in point 3; 

of all liquids of the L'~path (curve 1'.2'. e) the Iiquid in point 4' has 
the greatest W~amount; this decreases from this point as weil towards 
I' as towards e; the W-amount is, therefore, a maximum in point 4'. 
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There exist two conjugated liquids viz. 2 and 2' which have the same 
W-amount; this is equal to that of the termination-liquid e. 

N ow it is easy to draw the path of the liquid L in a W. t-diagram; 
this is represented in fig. 4 by curve 1 . 2 . 3 . 4 . e which has a minimum 
in point 3. 

The path of the liquid L' 
is represented by the curve 

which must have a maximum in point 4' 
1'.2'.3'.4'. e. It appears from fig. 1 that 

the liquid 1 has a greater 
/ 

w 
I 

I 

o 

3' A ,,' _ - .. __ N 
~ ... 

W-amount than the 
liquid 1'; consequently 

>~ in fig. 4 point 1 must 
e be situated over point 1'. 

~---; 

As we have seen IV 

t.3 

above. the conjugated 
liquids 2 and 2' have 
the same W-amount; 
consequently the L- and 
L' -path must interseet 
one another in fig. 4 in 

Fig. 4. a point. which represents 
the W-amount of those liquids 2 and 2'. As this W-amount is equal 
to that of the terminating-liquid e. a horizontal line. drawn through this 
point of intersection must go through the point e situated at infinite 
distance. 

We now divide the L-path into the four branches 1.2. 2.3. 3.4 and 
4. e and the L' -path of course into the corresponding branches 1'. 2'. 
2'.3'. 3'.4' and 4' . e. We now can represent the change of the 
W-amount of the liquids by the following scheme: 

1.2 

t > t 
3.4 

t < t~ 
4.e 

t < t (9) 

From this scheme we can learn the same things as from fig. 4. We 
see among other things th at : 

on the left side of the membrane the W-amount is greater in the 
beginning of the osmosis (branch 1. 2) but afterwards smaller than on 
the right; in point 2 it becomes equal on both sides. 

on the left side of the membrane the W-amount decreases in the 
beginning of the osmosis (branches 1. 2 and 2 . 3). afterwards it increases ; 

on the right side of the membrane the W-amount increases in the 
beg inning of the osmosis (branches 1 . 2. 2. 3 and 3. 4); afterwards it 
decreases. 

On branch 2.3 the W-amount of both liquids changes anormally. for 
the smallest W-amount here still decreases and the greater still increases. 

In point 2 both liquids have the same W-amount; as this does change. 
we shall eaU this also anormal. 
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On branch 3 . 4 the W~amount of the left side liquid changes nor~ 
mally, th at of the right side liquid anormally. 

Consequently we mayalso say: 
the W-L~path consists of a normal part (1.2), an anormal part 

(2 .3) and afterwards again of a normal part (3. 4 and 4 . e); 
the W-L/~path consists of a norm al part (1/.2/), an anormal part 

(2/ . 3/ and 3/.4/) and afterwards again of a normal part (4/. e); 
the W~amount of the system changes: 

on branch 1. 2 (and 1/. 2/) normally-normally 
2.3 (and 2/. 3/) anormally-anormally 
3 . 4 (and 3/. 4/) normally-anormally 
4. e (and 4/. e) normally-normally. 

We may learn all this easily as well from fig . 4 as from scheme (9). 
Af ter the previous considerations it is evident that we can draw no 

conclusions from the change of the W~amount of the liquids with 
respect to the direction in which the substance W diffuses through the 
membrane. Later on we shall see in which way we can deduce this 
direction. 

We can summarise in a single scheme all that we have discussed 
above and what we have deduced from the figs. 1-4. As in the fol~ 
lowing communication also the points a, band e on the path come 
under discussion, we include them also in the branches given. 

x y W 

1.2 t < -l- *t > t -l- > t I 2 *-l-=t .. 
2 . m *-l- < t .. 

m.a.b.3 -l- > t 

j 3.e.4 t < t .. 
4.e t<-l-

(10) 

Here is indicated on which side of the membrane each substance has 
its greatest concentration, if this increases or decreases during the 
osmosis, if those changes are normal or anormal. etc. 

Prom this we may read all th at has been represented in figs. 1-4 
and deduced from them, so that this scheme might be substituted for 
the figs. 1-4. Afterwards we shall sometimes use it. 

Later on in the experimental part we shall discuss examples of the 
systems, mentioned above, which are being examined in collaboration 
with Mr. B. C . VAN BALEN WALT ER. 

Leiden, Lab. of [norg. Chem. (To be eontinued). 
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Physics. - The structure of the Fluorme spectrum (F.J.). By T . L. DE 

BRUIN. (Communicated by Prof. P. ZEEMAN). 

(Communicated at the meeting of December 18, 1926). 

1. Term ta bie. Classification of lines. 
In a former paper in these Proceedings 1) have deduced from 

the measurements of GALE and MONK 2) and the observations of 
CARRAGAN 3) of the ZEEMAN effects six multipiets in the F.1. spectrum, 
including most of the observed strong lines. Since a paper has been 
published by H. DINGLE 1) concerning the F. 1. spectrum, containing 
new and more precisely experimental data. DINGLE has produced the 
spectrum by a discharge in Si F1. All our terms (1P, 1p', iS, 1D, 2p, 2P') 
have been found independently by DINGLE. The line y = 13302,7, calcul
ated by me has been observed too. Par in the red DINGLE has observed 
a new line (2)7607,2 13141.8 5). A number of faint lines reported by 
GALE and MONK are not present in the discharge used by DINGLE. On 
the contrary a number of new lines, attributed to Si or F are present. 
DINGLE has extended the termscheme with a new term 2P, ~y = 532,7. 
DINGLE notes this term as doubtful. because the ZEEMAN effect does not 
agree with the classification. 

7 n2P2 250.3 n2p! 

4 (0-2) 

7800.6 (7956.0) 

12816.0 (12565.7) 

325.8 

2 5 

7607.2 7754.9 

13141.8 12891.5 

1) T . L. pE BRUIN, Vers!. Kon. Akad. v. Wet. Deel 35, 751 (1926): (Proc. 
R. S. 30, 20). See also Zeitschr. f. Phys. 39. 10/ 11. 869. 1926. 

2) GALE and MONK, Astr. Journ. 59. 125. 1924. 
3) H. CARRAGAN, Astr. Journ. 63. HS. 1926. 
i) H. DINGLE, Proc. R. S. London. Vo!. 113. A 764. 323. 1926. 
5) This line is present in GALE and MONK's reproductions, but not included in their list. 
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The new line À 7607.2 however forms with the unclassified üne 
(5)7754.9 12891.5 the termdifference 6v = 250.3. present in our multiplet 

TABLE 1 (Termtabie). 

Termsymbol J Termvalue (relativel Termdifference Combination with : 

a2p 1) 2 223296.9 
325.2 ip 

1 222971.7 

ip 3 58617.0 
274.7 iP'.4D. nlp. iS 

2 58342 .3 
160.0 

1 58182.3 

4p' 3 45104.8 
122.9 4p 

2 44981.9 
102.7 

1 44879.2 

4D 4 H035.4 
176.6 4P 

3 43858.8 
144.5 

2 43714.3 
83.4 

1 43630.9 

n2p 2 43400.0 250.3 4P. b2P 

1 43149.7 

iS 2 42595.0 4P 

Z 2 42086 .0 4p 

2S 1 31959 .0 m2p 

b2P 2 30583.4 
325.2 n2p. m2p 

1 30258.2 

m2p 2 16377.8 
145.0 b2P 

1 16232.8 

1) This term is doubtful. It is possible that the observed ultra violet lines are due to 
the ionized atom. 

61 * 
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4. of which it was not yet possible to give the termcombination. Now 
we can interpret multiplet 4 as a '1P_n 2p combination and add a 
new multiplet b2P-n2p. There would be. in the reg ion not yet inves~ 
tigated a line l 7956.0. 

All the terms. now obtained. are given in table 1. Because th ere is 
not a sure indication of series relation and the ionisation potential is 
unknown 1). the term values are relative. The order is assumed from the 
term m2P.2) 

TABLE 2. (Classification of F. I. Iines). 

Int. /" Term- Remarks ti combination 

4 7800.6 12816.0 n2P2 - b2P 2 3) 

5 7754.9 12891.5 n2PJ - b211 

2 7607.2 131-41.8 n2P2 - b2PI 

2 7573.5 13200.3 "PI - '1P'2 

2 7552.2 13237.5 4P2 -"P'3 

0 7515 .0 13303.0 "PI - "P'I 

7-482;76 13360A '1P2 - '1P'2 

3 7-425.65 13463.1 4P2 - '1P'1 

6 7398.68 13512 . 2 'IP3 - '1P'3 

5 7331 .96 13635.2 '1P3 - '1P'2 

2 731-4.34 B66s.0! 
4 7311.13 1367-4 .0 

3 7309.13 13677.8 

3 7202.44 13880.4 b 2P I _ m2P2 

5 7127 .989 14025.34 b2P I - m211 

9 7037.560 1-4205.56 b 2P 2 - m2P2 

2 6966.-430 1-4350.60 b2P 2 - m 2J.I 

7 6909.884 1-4-468.04 'IPI _ '1D2 

I) From the order of the deepest term a rough value of the ionisation potential will 
give ± 25 Volt. It should be remarked that this value would be anomalous in connexion 
with the deepest Iying terms of 0 and Ne (0 wlth 13.5 Volt Ne wlth 21 .5 Volt). From 
a linear interpolation we can expect ± 17.5 Volt. 

2) The order of the 33 terms should be 1/ 9 of the Rydberg constant ± 12000. 
3) Wave1engths without reference are due to DINGLE. 
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TABLE 2. (Classification of 'F. I. lines. Continued) . 

Int. 

9 

7 

10 

8 

2 

6 

4 

1'12 

o 

4 

o 

3 

4 

5 

6 

3 

2 

4 

7 

6902.519 

6870.287 

6856.091 

6834.327 

6795 .596 

6774.039 

6763. 

6708.284 

6690.535 

6650.56 

6580.36 

6569.785 

6416.30 

6413.695 

6356.87 

6348.540 

6239.693 

6210 .85 

6149.77 

6047.55 

( 605.64 

~ 606.23 

I 
606.83 

607.43 

607.99 

Unclassified lines. 

14483.48 

14551.43 

14581.56 

14627.99 

14711.36 

14758.17 

14782.1 

14902.84 

14942.37 

15032.2 

15192 .5 

15217.00 

15581.0 

15587.34 

15726.7 

157-47.31 

16022.00 

16096.4 

16256.3 

16531.0 

165114 .6 

164955.5 

164790.8 

164628.0 

164476.4 

Term
combination 

iP2 - iD3 

4Pt - ofDt 

iP3 - iD" 

iP2 - iDt 

iP3 - ofD3 

iPt - n2P2 

ofP3 - 4D2 

1P2 - !12P2 

4Pt - n2Pl 

1P2 - n2p! 

1P3 - n2P2 

2P2 - 2St 

1P
I 

_ 4S2 

2P
I

_ 2S
1 

iP2 - 4S2 

1P3 - ofS2 

Remarks 

G and M: 6762 .91 

G and M 

G and M 

G and M 

ofPt - Z2 G and M 

ofP2 - Z2 G and M 

ofP3- Z2 G and M 

4PI -a2P t 

iP2 - a2P2 J ., 
4Pt - a2Pt MILLIKAN and BOWEN I) 

I 
4P2 - a 2PI 1 
iP3 - a 2PI (ca1c. 607.8) 

Three of the lines. common to the investigations of GALE. MONK. 

CARRAGAN and DINGLE (2)7314.34 (4)7311.13 (3)7309.13 are unc1assified. 

I) These lines are observed by MILLIKAN and BOWEN: Phys. Rev. 23. 1. 1924. Ph. 
Mag. ~8. 259. 1924. 

The classification here given between brackets is doubtful. 
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DINGLE reports 12 faint lines (Intensity 0-1) due probably to F or Si. 
MILLIKAN and BOWEN have observed in the extreme ultra violet a group 
of 5 lines. We note the following regularity: 1) 

o 
6716.91 

6751.94 

6805.34 

), DINGLE 

14883.7 

14806 .5 

14690.3 

TABLE 3. 

1 MILLIKAN and BOWEN 

\ 65600 152439.0 

656 . 34 152360 . 1 

5 /657 0

" 

152244.1 

657.69 152047.3 

\ 658.31 151904.1 

2. The theoretical termscheme of F. J. 

Llll 

78 .0 

116 . 1 

143.2 

HEISENBERG. PAULI and HUND 2) have developed a theory of complex 
spectra. In the light of this theory we shall deduce the theoretical term 
scheme of F. J. 

The neutral fluorine atom has according to BOHR and STONER a group 
of 5 electrons in a 22 orbit. (TabIe 4). Prom considerations developed 
by PAULI and WENTZEL 3) such a configuration will give the same 

TABLE 4a. 
-

Z 
I 

El 11 21 22 
Groundterm according I 

HUND's theory Groundterm expo 

4 Be 2 2 0 IS IS 

5 B 2 2 2p 2p 

6 C 2 2 2 3p ? 

7 N 2 2 3 4S ? 

8 0 2 2 4 3p 3p 

9 F 2 2 5 2p ? 

10 Ne 2 2 6 IS IS 

deepest lying term arising from the binding of one electron in a 22 

1) These groups could be combinations with another deep term than the ground doublet. 
In the theoreticai termscheme (Tabie 5) deduced under 3 there is no place for such a term. 

2) W. HEISENBERG. Zs. f. Phys. 32. p. 841. 1925. 
F. HUND. Zs. f. Phys. 33. p. 345. 1925. 

3) PAULI. Zs. f. Phys. 31. p. 765. 1925. 
G. WENTZEL. Zs. f. Phys. 31. p. 445 1925. 
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orbit. For the ground term of Fluorine I we can expect a 2p term as in 
B (Al. In. Tl). In the case of Fluorine this term will be "inverted" and 
the value should ag ree with the Röntgen L-doublet. 

9F 2 

2 

TABLE -4b. 

2 2 

2 

3 

-4 

2P2-Term 

2PrTerm 

The other terms which would be expected. arise from the binding of 
an 31.32.33.41 •••• electron to the ion (P+) . From the "Verzweigungs
prinzip" of HEISENBERG and the experimental rule given by HUND: 

we deduce the following terms (Tabie 5). The figure 1) illustrates the 
relative position of terms which could be expected. It is possible that the 
33 terms are deeper than the 41 terms. Possibly th ere are also terms 
arising from the metastabil stages IS and 1 D of the ion. Such terms 

:! 

---------

- 1--------

~s 

----------1-----
----------- -----. -----

-------

Hfi~~--~~-Ji(~) 

----------'r~ (/til 

-------- '----------
----------J~('q 

____________________________________________________________ .4.,.('" 

Termscheme Fluorine (F. 1.). 

would not be expected to be presented by strong lines. Table 5 includes 
only the terms arising from 3 P. 

1) The termscheme here deduced, holds also for the once ionised atoms of the rare gases 
Ne Il, A Il, etc. and the double ionized atoms of the alcalis Na 111, K lIl, etc. 
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TABLE 5. Fluorine I (Deep terms). 

Electron configuration Basic term: 3p 

1

2 
1

31 
1 

Terms 
nk 11 2 2 32 33 41 

Quartet Doublet 

2 2 5 2p 

2 2 4 ip 2p 

2 2 4 iD ip iS 2D 2p 2S 

2 2 4 ip iD ip 2p 20 2p 

2 
1

2 4 ip 2p 

3. Interpretation of the experimental terms. 
The agreement between the experimental and theoretical terms is not 

quite unsatisfactory. The terms 2S and ip' are lying deeper than could 
be expected. We note that the 2S term of 011 I) (this termscheme, as in 
the case N 12) is based also on 3 P) exhibits this exception too and the 
exceptions of the intensity rule in the ip multipiets in NI, 0 Il and 
F I have the same form. Table 6 gives an interpretation of the observed 
terms. 

TABLE 6. 

Exp. Theor. 

a2P3) 2P(22) 

ip iP(31) 

1P' iP(32) 

iD iD(3:z} 

n2p 2P(31) 

iS iS (32) 

2S 2S(32) 

b2P 2P(32) 

m2p 2P(41 or 33) 

4. Comparison with the spectra N land 0 Il. 
The basic term of these configurations is also a 3p term (see table 4) 

I) A. FOWLER. F. R. S. Proc. Roy. Soc. London. A. Vol. 110. p. 476. 1926. 
R. H. FOWLER. F. R . S. and D. R. HARTREE. Proc. Roy. Soc. London. A . Vol. 111 . 

p. 83. 1926. 
2) C. C. KIEs. Journ. Opt. Soc. America. Vol. 11 . p. 1. 1925. 
3) DOllbtful. 
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and by binding of an 31• 32 • 33 • 41 • •• electron to the ion (N+ and 0++), 
we obtain the same terms as in the case of F I (not from the addition 
of an 22 electron). Table 7 gives a comparison of the Lv of analogous 
terms. The last part of the table shows that the interval proportion of 
the 'lp term. according to LANDÉ 5: 3 (1.67) is in opposite sense in the 
case of the binding of an 32 and an 31 electron. 

TABLE 7. 

Basic term : 3 P 

7 8 9 Lv. FI Lv.FI 

Added N.I a.1l P.I Lv.NI LV.OIl 
Term 

electron 

47.07 158.52 274.69 I 31 ip ~ 5.37 1.64 
33.80 105.32 159.95 . 
38.36 91.97 122.7 ~ 3.97 32 iP' 1.59 
18.38 46.10 102.7 

50.98 124.62 176.61 

32 4D 37.35 91.56 144.51 ~ 3.64 1.48 

22.59 55.54 83.38 

31 2p 83.12 179.99 250.3 3.01 1.39 

33 2p - 113.99 145.0 - 1.28 

iP32 
--: iPI2 

1.39 1.55 1.72 ~ Theor. LANDt!. 

iP32' . ~ 5:3 (1.67) 
iPI2' . 2.08 1.99 1.19 

Summary. 

The analysis of the F I spectrum. has been briefly discussed in relation 
to the HEISENBERG~HuND theory. Between the experimental and the 
theoretical scheme is in general a satisfactory agreement. 

December 1926. Laboratory "Physica" Amsterdam. 



Physics. ~ The melting-curve of helium and the heat-theorem of 
NERNST. By W. H. KEESOM 1). (Supplement N°. 61b to the 
Communications from the Physical Laboratory at Leiden). 

(Communlcated at the meeting of March 26, 1927). 

§ 1. In the proceedings of the meeting of January 29, 1927 2) it 
appears that Dr. VAN LAAR objects to a passage in my Communication 
ab out the solidification of helium 3), which passage concerns a relation 
between the course of the melting-curve and the heat-theorem of NERNST. 
This prompts me to give a Dlore detailed explanation of the point in 
question. Further I will confine myself tb two remarks on the case 
maintained by Dr. VAN LAAR. 

§ 2. What do the measurements concerning the melting-curve of 
helium teach about the heat-theorem of NERNST? 

I presuppose that we don't know anything about the cou!-,se of the 
melting-curve of helium below 1 ° K. as long as we are in want of 
experimental data about that 4). A course such as Dr. VAN LAAR gives. 
that is to say with a minimum at about 1 ° K.. af ter th at rising again 
at a diminishing temperature. to be tangent to the p-axis at 0° K.. I 
don't think this to be impossible. But I don't think this course probable. 
Already the plain consideration of the part of the melting-curve known 
from the experiments (see Comm. N°. 184b Fig. 2) rouses as regards 
the continuation to the lower temperatures an expectation of going more 
and more parallel with the T-axis. rather than a bending in the sen se 
of Dr. VAN LAAR. 

In order to be able to criticize this more objectively two of my 
assistants have each noted down at my request the pressure of each 
0.1 degree of a smooth curve (two curves drawn independently) of 
1.2 to 3°.0 K.. which as much as possible corresponds with the points 
of observation. have divided these pressures in two series of readings 
for values of T. which again and again differ 0.2 degree and have 
made up the second differences in these series. 

Thus for each 0.1 degree was found an approximate value of 
d2p 
dT2' The results are given in Fig. 1. Striking is the acute maximum at 

1) Abridged translation. 

2) J. J. VAN LAAR. These Proceedings 30. 244. 
3) These Proceedings 29. 1136. Comm. Leiden NO. 184b. 
i) Except of course that it does not meet with the vapour-pressure-curve at the lowest 

temperature reached by KAMERLINGH ONNES and valued at 0.82° K. 
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1.850 K. and the steep dec1ining of the curve at lower temperatures. 
i p The latter is not in any part 
T in keeping with that which 

Dr. VAN LAAR should wish. 
75~----~-----4------+------r----~ According to Dr. VAN LAAR 

at a sufficiently low temperature 
d2p 

50'~----~~~~------+------r----~ dT2 should be proportional 

Fig. 1. 

to T-I and 50 the curve for 

d
2
p d'" h' t dT2' at ImmlS mg empera~ 

ture, should rise asymptotically 
to the p-axis. As the dimin~ 

d2p 
ishing of dT2 between 1.8° 

and 1.4° K. will have to be considered as fixed by experiment, then 
d2p 

according to Dr. VAN LAAR, the curve for dT2 should make a sharp 

bend upwards to the left. It is evident that experiment does not give 
any reason to think this probable in any way I). 

For the sake of c1earness ,.....- perhapsunnecessarily - I have put a 
formula of the form 

p = aT log T + fJT + "I, 
as Dr. VAN LAAR thinks probable (p. 248 l.c.) through the points 1.2°, 
1.8° and 2,4° K. of one of the two drawn curves mentioned before 
corresponding as c10sely as possible to the observations. 

The result was:p = 168,4 T log T - 95,32 T + 123,72. On Fig. 2 this 
50 curve (dotted line) has been drawn 

40~----~-----4------+-~--~ 

\ 
\ 

301~--~\~----~--~~+-----~ 

'-p 

together with the experimental curve 
(drawn line). The deviations greatly 
exceed the experimental inaccuracy. 
Meanwhile it may be observed that 
it is perhaps not allowed to treat the 
coefficients a, fJ and "I as constants; 
that on the contrary they themselves 

20,';;--=-__ -± ____ ---:-\;--_--.&.--;::;-:--;;, must still be considered as temperature~ 
Q5 T 1.0 t.5 2.0 oK 2P functions. I should like to have this 

Fig. 2. figure regarded only as an illustration 
of the fact, that the experimental curve has not at all the course of a curve, 

I) I should not like to assert th at the second top in the curve at 2,30 K. is rea!. It 
could be the consequence of the way of drawing the p. T curves. Meanwhile it is rem ar
kable that both the assistants find this top and that it coincides with the place of the 
maximum of density of the liquid. see KAMERLINGH ONNES and BOKS. Leiden. Comm. 
NO. 170b. § 4. 
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which goes through a minImum and af ter that will again strongly rise 
to the left. as Dr. VAN LAAR expects to be the case. 

Inferring from this, I think th at as the most probable continuation of 
the experimental curve to temperatures below 10 .2 K. may be accepted 
a curve declining with a small bend. We may further accept that the 
curve will meet the p~axis at last with a horizontal tangent or that the 
curve still keeps a small inclination I). 

If we now pass on the question, what follows from this in connection 
with the heat~theorem of NERNST, th en we must keep the two possibi~ 
lities just mentioned strictly apart. Perhaps it is a good thing to state 
here once more distinctly, · that in both. cases we bring ab out an extra
polation. Without extrapolation, however, nothing can be said ab out 
the theorem of NERNST. For the rest the region of temperature, over 
which the extrapolation extends itself here, is, expressed in degrees, many 
times smaller than with any other equilibrium examined in this sense, 
though with this we don't want to say that th is last degree, which still 
separates us from absolute zero, might not still give extraordinary 
surprises. We must particularly leave open the possibility that between 
10 .2 and 00 K. might still take place a transformation in the solid phase. 
However we here leave this possibility out of regard. 

. dp 
a. Let us then in the flrst pi ace consIder the case that dT for the 

melting~curve should approach to 0 at T = O. If we write the equation 
of CLAPEYRON in the form: 

dp _ Sliq - S.ol 

dT- Vliq - V.ol ' 

then follows that for T = 0, Sliq~ should be = S,ol. and so the entropies 
of the zero~point for the solid and liquid phase would be equal for 
helium. This th en would be in strict correspondence with the heat~ 
theorem of NERNST. 

b. However if we accept that the melting~curve on approaching T=O 
still keeps a small inclination and also, what seems probable, that Vliq- V.ol, 

though this difference is small (see Comm. N°. 184b § 3b) keeps a flnite 
value 2), then from this should follow a flnite difference for Sliq - S ,ol 

at T=O. 
In order to get 

difference of entropy 

some opinion about the extent of such a possible 
. dp 

we wIll put as flnal value at T= 0 of dT: 5 atm.10 K. 

1) This last possibility has not been mentioned in Comm. NO. 184b. Also Dr. VAN LAAR 

does not speak about it. I especially wish to establish the fact here that this possibility 
must indeed not be lost sight of. 

2) Should vUq -v .01 become = 0 at T = O. then also in th is case Sliq should become 

= S,ol at T= O. 
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almost agreeing with the inclination of the melting-curve betweenl°.2 
and 1°.5 K. As to Vliq - Vsol it follows from the visual observations 
mentioned in Comm. N°. 184b § 3b• that this difference will only be a 
small fraction of for instance Vliq. If we put as utmost limit I) 5°10 then 
we get Vliq - V.ol = 0.05 X 7 X 4 = 1.4 cm 3/mol. Then we should find 
Sliq - Ssol = 7 atm. cM3jO K. mol. = 0.18 cal./o K. mol. = 0.1 R. 

This result. which is got with a value of Vliq-Vsol which is very much 
greater than I think probable. is al ready one order of magnitude smaller 
than the differences of the zero point-entropies. which we find mentioned 
in literature as found or as probable 2). 

The equation given by TAMMANN 3): T -1 = log (p-24). which he 
emphatically wished to have considered as interpolation-formula and 
only applicabIe to a small region of temperature. would give a very 

much smaller value of :: for T O. and 50 together with the value accepted 

for Vliq - Vsol mentioned above a very much smaller value of the 
difference of the zero point-entropies. to say for the latter 0.004 R. 

Even if the heat-theorem of NERNST in its former formulization 
according to which the entropy of a material at T = 0 had to be the 
same in all conditions. provided they are condensed. should not be 
strictly valuable. th en this would yet be very near the case for helium 
solid and liquid. 

As a matter of course however the question arises here whether it is not 
to be considered probable on statistical-theoretical grounds that we must 
understand this result in this way that the entropy-difference between 
solid and liquid helium at T = 0 becomes strict 0 instead of approaching 
to a small fraction of R. 

Though in my opinion an answer to this question cannot be given 
with surety at this moment 4) yet I think that this fact that a value of 
Sliq - Sso; smaller (probably very much smaller) than 0.1 R does not 
answer to the expectation that in S' - S" = k In (Z' I zu)n. the ratio 
Z' j zu of the probabilities of condition at T = 0 can be expressed by a 
quotient of small whole numbers. gives cause to answer this question 
in the affirmative for the present. 

§ 3. I might subjoin here still the following remarks 5). 
1. I cannot perceive that Prof. PLANCK is guilty of a .. thermodyna-

I) The small difference in refraction-index. which has to be accepted in order to exp1ain 

th at the surface of demarcation between solid and liquid was invisib1e. points to a very 
much smaller difference in density than was accepted here as highest limit. 

2) F. SIMON. Handbuch d. Physik. X. p. 395. 1926. A. EUCKEN und F. FRIED. Zs. f. 

Phys. 29. 36. 1924. A. EUCKEN. MüLLER-POUiLLET's Lehrbuch der Physik. l1te Aufl. 

Bd. lIl. Iste Hälfte. p. 649. W. SCHOTTKY. Physik. Zs. 22. 1. 1921: 23. 9. 448. 1922. 
3) G. TAMMANN. Ann. d. Phys. (4) 82. 240. 1927. 

i) See f.i. F. SIMON l.c .• and Zs. f. Phys. 41. 806. 1927. 
5) In this translation the remarks have not been inserted to which Dr. VAN LAAR does 

not resert in his answer. These Proceedings. p. 957 . 
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mical sofism" as Dr. VAN LAAR says. From the theorem which Prof. 
PLANCK puts first: .. Beim Nullpunkt der absoluten Temperatur besitzt 
die Entropie eines jeden chemisch homogenen festen oder flüssigen 

Körpers den Wert Null" follows necessarily (:;)p 0 at T= O. 

Whether this is deduced from that by the more detailed reasoning of 

Prof. PLANCK or by saying: (~;) T -- ( g~ ) pand so it follows from 

(~; )T 0 for T= O. that it must then be (:~ )p = O. is of no consequence. 

The reproach that this theorem to be proved is already implied in 
the theorem from which is started. is not fair: it cannot be wished that 
from the premises something is being deduced that is not implied. 

2. Dr. VAN LAAR cannot know that the specific heat of liquid helium 
by I) constant volume remains finite at T = 0 (loc. cito p. 247). The expe~ 
riments of DAN A and KAMERLINGH ONNES 2) which. however. don't go 
any further than 2°.5 K.. would sooner give ri se to expect that that 
specific heat does come up to O. 

Whether by liquids (and eventually by gases) at a sufficiently low 
temperature there appears a "degradation of energy" remains as yet an 
open question. 

Wishing to derive from a presupposed opinion thereabout founded 
upon a very weak argumentation. that the energy in the liquid phase 
follows the T~law (VAN LAAR l.c. 247) is. to my opinion. not permitted. 

If we follow the argumentation of Dr. VAN LAAR on p . 248 th en it 

appears that the condition submitted by him that the ;~for the melting~ 
curve should become 00 for T = 0 is only founded on th is acknowledgement 
of the energy in the liquid phase. 

While it appeared in § 2 that the direct experiments do not at all point 
to a course of the melting~curve at lower temperatures as is desired by 
Dr. VAN LAAR. we see here that this desire of Dr. VAN LAAR has no 
reasonable ground~ 

I) It has not become clear to me what signifies here the addition "(infinitely great)". 
2) L. I. DANA and H . KAMERLINGH ONNES. These Proceedings. 29. 1061. 1926. Comm. 

Leiden NO. 179d. 



Physics. - The Melting~Paint Line af Helium andNERNST'S Thearem 
af Heat. By J. J. VAN LAAR. (Communicated by Prof. H. A. LORENTZ). 

(Communlcated at the meeting of October 29, 1927). 

In connection with the considerations, published under the same title 
by Prof. KEESOM in these Proceedings, Vol. 30, p. 952, I wish to make 
only one more remark. 

Of course I admit that the course of the melting~point line from 
4°,2 to 1°,2 K., as it has been derived by KEESOM from his measure~ 

ments. leaves room. for the supposition that ~~ steadily decreases on 

further cooling. and that Lim. ~~ = 0 would be in agreement with 

NERNST'S th eo rem of heat. 
In my preceding communication (These Proc. Vol. 30, p. 244) it was 

my intention to set forth that also another course of the melting-point 
line is not excluded at very low temperatures. I thought that I had 
reasons to expect such another course. and these reasons have not been 
aff~cted by the further considerations and calculations to which Mr. 
KEESOM now subjects his measurements. 

Indeed, Prof. KEESOM himself observes. that on approach of the 
absolute zero the last degree might bring surprises. 

But there would not be any sense in continuing a discussion on this 
subject. We agree that only further experiments will be able to give 
certainty about the course of the melting~point line, still nearer to the 
zero point, and about the confirmation or non-confirmation of the con~ 
clusions which have been derived from NERNST'S th eo rem of heat. 

I hope to come back to the question concerning the specific heat of 
liquid Helium, advanced by Mr. KEESOM on p. 956 of these Proceedings. 
in a later communication ; and as regards his remarks on my earlier 

criticism on PLANCK' s argumentatian (referring to the approach to zero of ~~ 
at T=O). I feel justified in fully maintaining what I wrote at the time. 

Tavel sur Clarens (Suisse). October 1927. 



Psychology. - Astatistic inquiry into the Psychic Differences between 
the Generations of To-day and Former times. By D. WIERSMA. 
(Communicated by Prof. E. D. WIERSMA. ) 

(Communicated at the meeting of Sepember 24, 1927). 

When people talk about the spirit of the age and ascribe to it aIl sorts 
of present-day views in the domain of science, art, and social life, or striking 
phenomena, they mean that in some respects the living generation differs 
from those of former times. Their thoughts, their sentiment and actions are 
not perfectly alike. Of course, in some respects this difference results 
from improvements in technics and in general insight: the achievements 
of former generations have placed at our disposal more and different data, 
that will cause our judgments, our actions, and in part also our emotional 
reactions to be different from those of former generations, had they been 
living under similar circumstances to ours. The fact that traveIling has 
become more common than 30 or 40 years back, is no douht oWlng to the 
great improvement in means of communication. That the latest suneclipse 
caused no terror and fear, as it did a few hundred years ago, but every
where a lively interest of a more or less scientific character, is to be ascribed 
to a better insight into the nature of the phenomenon, which has now 
hecome quite familiar to us. Now, suchlike differences with former 
generations are not generaIly attributed to the spirit of the times. This 
term is reserved for the difference in psychic qualities of men of to-day 
and of former times. It seems interesting to me to ascertain to what ex tent 
these differences reaIly exist and whether they can account for some specific 
peculiar featurès of our time. 

Increased love of pleasure is of ten considered to be such a peculiar 
feature. The rage for dancing, the lhtense interest in cinemas, music-halls 
and coffeehouses go to prove this. But in earlier times almost every older 
generation judged of the younger one in the same way; this already must 
give us pause. The decreased ' use of alcohol, evident from the returns of 
the excises, from the frequency of drunkenness, and from the decrease 
of alcohol-psychoses, very manifest in the psychiatric clinic at Groningen, 
rather points to a new object of pleasure-seeking than to a greater love 
of pleasure. 

A nu mb er of other features ofour time may perhaps he cIassed as the 
results of a diminished sense fot reality. The progress of anthroposophy, 
of theosophy, spiritism and the like shows that, rather than aIlowing 
themselves to he acted upon by nature and the human world ahout them, 
merely for judgment, sentiment and action, people of our time (more than 
former generations ) place a higher value on ideas and emotions of their 
own, when forming an opinion of the world. That this opinion satisfies their 
own emotional desires seems to be of greater importance than adhering to 
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observed facts; the interest of men has been transferred from the outer 
world to man's inner life with all its contrarieties and inconsistencies, 
which often reveal themselves in the most grotesque and worst founded 
constructions, of ten manifested again in the widely divergent philosophical 
speculations of our days. 

There is no mistake, that also in Art a corresponding shifting of interest 
exists. The days of realism and naturalism have long gbne by; art no 
long er interprets the world seen again "à travers d'un tempérament", but 
is rather devoted to the gratification of emotional wants. Impressionism 
still reproduced the reaction of the artist upon the outer world, expression~ 
ism is more removed from it, as the outer world becomes only a means to 
express the inner life of the artist. In various directions we can observe 
endeavours to get completely detached from the outer world. In literature 
as weIl as in the art of Painting, Sculpture and Music this tendency reveals 
itself, per ha ps dadaism is one of , its extreme excesses. Spiritualization and 
self~centralization are modern words expressive of a greater interest for 
inward than for outward experiences: to this tendency we owe besides 
works of grandeur also many strange, and grotesque creations. A certain 
disintegration is especially noticeable in a great number of various sorts of 
schools, but of ten also in the work of the same artist. 

Science also presents a tendency to turn aside from reality. More aften 
than formerly Reasoners start from pre~conceived ideas, fitting in with their 
conception of the world, while their respect for real facts has diminished. 
Another result of it is the co~existence of very many views of which the 
representatives are reasoning away without being understood, as weIl as a 
certain vagueness and want of exactitude. Quite recently these phenomena 
have been signaIled by HOCHE (4), who also ascribed them to a lessened 
sense for reality. Experimental psychology e.g. which works purely induct~ 
ively, does not go through a golden period now, whereas phenomenology 
does, as it bears on the subjective experiences of man. Just as in Art, a 
tendency to disintegration may be observed: whereas in days of yore 
researchèrs tried to find only the causa 1 connection of phenomena, those of 
the latter years have emphasized the so~called conceivable relations which are 
supposed not to have any'thing to do with causality. This new orientation, 
which has also been introduced into physiology and other branches of 
science, has no doubt furnished important results ; I only mention the 
fact to point to the change without entering into an appreciation of the 
several directions. 

We said that nowadays a general tendency may be observed to avert 
from the outer world, and to be wrapped up in one's own thoughts and 
inner life, which BLEULER (1) has styled "autistic" thinking, thereby to 
point to the resemblance such a mode of thinking bears with that of a 
man in a certain psychosis: "dementia praecox". JASPERS (5) in his 
monograph Strindberg und Van Gogh calls attention to the present 
predilection for the schizophrene phenomena andeven non~psychologists 

62 
Proceedings Royal Acad. Amsterdam. Vol. XXX. 
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were struck by this resemblance. I remember a caricature in the weekly 
paper "Life", which ridiculed all sorts of peculiarities of modern life, with 
the subscription : "our time suffers from dementia praecox". 

It has of ten been presumed that these peculiarities of the present 
generation are to be considered as a consequence of the war; but it should, 
on the contrary, be remarked that the modern peculiarities regarding view 
of life, and conceptions of art and science had already extisted for a 
long er or shorter time betore the war, only they became more pronounced 
and striking after it. It will therefore be our task to ascertain whether in 
the present generation a greater frequency can be found than in older 
generations, of properties that can account for the peculiarities 
discussed above. 

Splendid material for this investigation is supplied by the research-work 
done by HEYMANS and WIERSMA in 1905 and 1923. The first inquiry (2), 
as known, was intended to establish the heredity of psychic properties ; 
therefore in this inquiry a comparison was also made between the older and 
the younger generation and was described in detail by the authors (3) . 
The second inquiry (8) was made to observe whether there was a relation 
between physical stature and psychical qualities ; it will therefore be 
designated as stature-inquiry, although in this paper I shall busy myself 
only with the psychological part, which regarded the same properties as 
those of the ,heredity-inquiry. The results of the two inquiries present in 
general a striking resemblance, bespeaking their reliability. Still, differences 
do occur, no doubt. They are to be ascribed to the different views of the 
reporters. This plays of course a much greater röle in the stature-inquiry, 
which comprised 400 subjects, than in the heredity-inquiry extending over 
2500 persons. For the determinations of the magnitude of a difference, 
that may be attributed to mere chance only, I followed the same method 
applied by HEYMANS and WIERSMA for an intercomparison of groups falling 
within the heredity-inquiry, viz . a comparison of the procentic va lues for 
the properties, asked for in the first 8 questions. For men, as weil as for 
women, the mean difference lay between 4 and 5, so that the assumption 
is admissible that an increase or a decrease of the percentage of some 
quality or other of 4 or 5 or more, rests on an other basis than mere chance. 

So we are in a position to compare the older generation of the heredity
inquiry with the younger generation of the same inquiry and with the 
generation of 1923, which is expressed in the stature-inquiry. As to age the 
last two can easily be compared with each other. The age of the men of the 
younger generation of 1905 averaged 35, that of the men of 1923, 43 ; 
the women respectively 33 and 39 years. The older generation of 1905 
was, of course, much older, the mean ages of men and women being here 
respectively 67 and 63, some differences found might, therefore, be based 
on normal differences in psychic qualities, shown by older people, as 
compared with younger ones. When we find, however, that the diHerence 
of certain propertjes shown by the younger generation of 1905, has become 
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still greater, then we may assume that we have not to do with a difference 
in age, but a difference in properties of the generations themselves. For 
since the generation of 1923 is on an average older than that of 1905, a 
difference in age would have become less evident instead of more evident. 

Now, first of all as regards an increased love of pleasure, the results 
do not tally completely with the current opinion. In our investigations we 
inquire af ter a fondness of good cheer, after the use of alcohol, extravagance 
in sexual life and a fondness of going out. The procentic values found 
have been tabulated below (s = the older j the younger generation ). 

TABLE I. 
a. Men. 

1905 s. 1905 j . 1923 

Fondness of goed cheer I H I 49 51 

Not 
I 

37 
I 

30 21 

Drunkard 3 1 1 

Regularly 31 20 9 

Occasionally 50 57 63 

Never 13 11 16 

Sexual extravagance 6 IJ 12 

Reserved 69 58 65 

Going out 24 32 20 

b. Women. 

Fondness of goed cheer 30 31 30 

Not 50 42 40 

Drunkard 0 0 0 

Regularly 3 2 1 

Occasionally 47 45 45 

Never 30 30 30 

Sexal extravagance 2 2 6 

Reserved 69 58 70 

Going out 19 35 23 

62* 
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These tables show. indeed. a lessening in the use of alcohol for either 
sex. Men. on the contrary display an increasing inclination to good cheer ; 
for women we obtained smaller percentages in this respect. The results 
regarding sex ua I prop en si ties are peculiar. In the two sexes there is a 
higher degree of extravagance. especially among the women of the youngest 
generation. On the other hand. also the percentages of reservedness have 
risen considerably in 1923. For the present I cannot say for sure. what is 
the cause of this result; anyhow it is clear. that it would not be right to 
speak of a general tendency to sexual indulgence. As to pleasure~seeking. 
in 1905 the younger generation seemed to be much fonder of going out 
than the older one. but in 1923 this augmentation is not noticeable. This 
is perhaps due to the fact that in 1923 frequenting coffeehouses and cinemas. 
had become so common, that the reporters have taken notice only of the 
extreme cases. In that case the percentages of 1905 and 1923 are not 
comparable. Some figures representing behaviour in money~matters are 
at our disposaI. an augmentation of sensual pursuits will readily involve 
greater wastefulness. a regress of economy. Table 11 gives the percentages. 

Avaricious 

Economical 

Free-handed 

Lavish 

In debt 

Avariclous 

Economical 

Free-handed 

Lavlsh 

In debt 

a . Men. 

b. Women. 

TABLE 11. 

1905 s. 

2 

44 

41 

2 

3 

3 

56 

29 

2 

2 

1905 j. 

3 

35 

41 

10 

6 

2 

46 

34 

6 

1923 

53 

39 

2 

5 

49 

41 

3 

2 

These figures show a marked resemblance to those concerning pleasure~ 
seeking and going out; the younger generation of 1905 shows a marked 
diminution of economy and an augmentation in liberality and lavishness. 
which has been compensated for in 1923. The first researchers (3) suspected 
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that the difference found between the two generations of the heredity~ 
inquiry has to be attributed chiefly to the difference in age and not to a rea I 
change in the qualities of character. This seems to be well confirmed by 
our results. Of course, it is only just to point to the possibility, that the 
data of the stature~inquiry, so much more limited than the heredity~inquiry 
have been derived especially from the better-bred c1ass of people, who are 
less fond of amusement and are more inc1ined to economy, and that these 
data are, therefore, less fit for comparison with those of the heredity~ 
inquire, the increase of the love of pleasure as a typical feature of modern 
we are not justified in considering, on the basis of the results of this 
inquiry, the increase of the love of pleasure as a typical feature of modern 
times. There are facts pointing in this direction, but also others that point 
the other way. 

In the second place we have to ascertain whether the phenomena, 
grouped together as the consequences of a decreased sense for reality, are 
again met with in the data of our inquiries. As has been stated before, 
these phenomena remind us of those of dementia praecox, in so far as they 
bear some resemblance to one of the most important symptoms of this 
disease, viz autism. Now, some years ago a comparison of the data of the 
heredity~inquiry with anamnesis of the characters of a number of people, 
who afterwards had contracted dementia praecox, enabled me to point out 
a correlation of the properties of a group of men, marked by a taciturn 
and solitary character, with the future sufferers from dementia praecox 
( 6) . We could recognize a nu mb er of properties, known to us, when 
exaggerated to a pathological degree, as symptoms of dementia praecox, in a 
smaller degree in the two groups examined, but more frequently than is 
expressed in the general percentage of the heredity-inquiry. Afterwards 1 
was in a position to demonstrate (7) that the maniac~depressive psychosis, 
when occurring in taciturn, solitary men, can reveal under the influence 
of this type of character, remarkable peculiarities of the clinical aspect and 
course which remind us of dementia praecox. Now, since many characteristics 
of the modern mental attitude remind one of this psychosis, I think it 
interesting to inquire whether taciturnity and solitariness, and some 
qualities th at show a correlation with the above-named character~types, are 
perhaps demonstrabIe among the younger generations in increasing 
frequency. Such qualities are timidity in company, c1oseness, losing oneself 
in abstractions, and absent~mindedness. The taciturn and solitary 
people of ten do not feel at ease in society, they do not present themselves 
such as they are, but are somewhat constrained in manners, which is an 
indication of the mannerism of many praecox~patients. Their sympathies 
and their antipathies, their intentions and their emotions they of ten keep 
back; this is their c1oseness, which we may observe in much larger measure 
in cases of dementia praecox. Of ten the taciturn and solitary get 
absorbed in abstract meditations, mostly of a philosophical or a religious 
nature, they are apt to take a biassed view of the world, which corresponds 
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TABLE III. 

B . Men. 

1905 s. 1905 j. 1923 

Conversational 6i 6i I 59 

Loquacious 12 8 9 

Taciturn 15 19 19 

lnterested in recreation 24 I 32 20 

Fond of home-life 65 49 61 

Solitary 6 11 14 

Constrained 15 21 20 

Close 35 34 43 

Abstractions 15 19 34 

Absent-minded 18 27 29 

b. Women. 

1905 s. 1905 j. 1923 

Conversational 71 I 70 67 

Loquacious 5 6 4 

Taciturn 15 15 19 

lnterested in recreation 19 I 35 23 

Fond of home-life 69 52 70 

Solitary 6 5 6 

Constrained 17 18 13 

Close 35 30 35 

Abstractions 10 11 15 

Absent-minded 20 19 25 
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with the grotesque fancies of numberless praecox patients. In fine the 
taciturn and solitary display a high degree of absent~mindedness, they take 
little notice of what happens in the world round about them, as they are 
absorbed in their own thoughts. The same is observed in a larger measure 
in dementia praecox. The procentic values for the various generations of 
normal men I subjoin in Table 111. 

It will be seen from these figures that there is a remarkable difference 
between men and women. The men not only show a marked increase of 
the two chief qualities of the type in question, taciturnity and solitariness. 
but also of all qualities mentioned and correlated with these two. 
Apparently they live less in the outer world, lose themselves more in their 
own thoughts and emotions than earlier generations. They are less com
municative. they have hecome more taciturn, and more close: they keep back 
their intentions and emotions. Instead of taking an interest in passing 
events, they live in a sphere of their own, which is apparent from the more 
pronounced solitariness, and an increased inclination to abstract meditation. 
More than formerly they are absent-minded, i.e. they adapt themselves less 
completelY to the stimuli received from the outer world; they do not feel 
so weil at home in that outer world as people did formerly, which appears 
from their constrained attitude, they have lost their bearings. The same 
predilection for their own thoughts and emotions we could ob serve in the 
modern views of the world and the interpretations of Art and Science 
nowadays. Especially the tendency to abstractions is unmistakable here. As 
is also borne out by our figures, it is also largely increased. 

Now there are also some qualities, correlated with the taciturn and 
solitary type, which are not increased in frequency in the most recent 
generation. To this class belong: suspicion, lack of wit and humour, 
selfishness and a deficient perceptive faculty. But at least of the first of 
these qualities it may he assumed, that they are also distinctly correlated 
with other qualities of temperament and character, while they can serve no 
more as types of the syndrome of dementia praecox, than as types of the 
spirit of our age. Something Iike this also applies perhaps to a weaker 
power of observation, but a closer inspection will have to make this out. 

The figures of the women present another picture. The women have 
hecome a Iittle less communicative 1), but not more solitary. Apparently 
they do not feel less at ease in the world than formerly, anyhow 
they exhibit rather a diminished than an increased constraint in their 
behaviour, neither have they become closer than before. Although less 
intensely than among men their bias towards abstract meditations has 
increased, just as their absent-mindedness. So a slight shifting of the 
character-type in the same direction as with man can also be observed, but 

1) Just as with men the ri se of the percentage for taciturnity lies on the very border 
of wh at may probably be called fortuitous. As however the percentage for good conver
sation has fallen conformably. we feel justified in assuming in this case a fortuitous 
change of the number. 
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for women it is far less pronounced. But since in science as in art, and 
also as regards views of life, men generally take the lead, it cannot be 
surprising that this shifting of the charac:ter-type of men has expressed 
itself indubitably in what is commonly called the spirit of the times. I have 
stated already that this change does not result from the war. This appears, 
moreover, distinctly from the results of the inquiries whieh show, that the 
changes discussed, had begun to reveal themselves already in 1905 in the 
younger generation. 

Although it is perhaps unnecessary, I will emphasize the fact, that this 
psychic change in modern man is not at all pathologie. That there exists a 
conformity of the taciturn and solitary character to dementia praecox 
patients, does not imply that the former have dementia praecox to a slight 
degree. The nature of the correlation of character with disease has not 
been fully established. It is uncertain whether dementia praecox should 
be considered simply as a pathological exaggeration of the taciturn and 
solitary character-type. Still, even if th is should prove to be the case, an 
increase of the character-type among people in general is of no greater 
significance than any change of character or temperament would signify, 
as we know that every type of character or temperament leads in its extreme 
excesses to psychie anomalies. 

That in our days woman accommodates herself to altered conditions in 
the worId better than in former times, whieh assertion is substantiated by 
less constraint in her behaviour, is not surprising, as woman's position in 
the worId has been greatly altered during the latter decennia. Ways are 
opened for her in every sphere of labour, in every branch of study; like 
man she can choose her pursuits af ter her own liking. Her dependence on, 
and inferiority to man, has entirely disappeared, and qualities, formerly 
con si de red as female virtues, such as abstaining from forming an opinion 
of her own, a tendency to keep in the background, and to follow the lead 
of man, are now looked upon as a sign of inferiority, just as they are for 
men. Woman could not but adapt herself to these altered social conditions, 
and become more independent. This is, indeed, borne out in the subjoined 
table (TabIe IV). 

From this table it appears that the tendencies to r.epeat another's words, 
to keep in the background, to follow the lead of others and be overruled, 
formerly oftener met with among women than among men, now occur more 
frequently among the latter. Conversely, in our time women surpass men 
in regard to domination. These changes also are not of recent times, but 
were already distinguished in 1905. Moreover, the whole tab Ie shows, th at 
the values for the two sexes are drawing together, which began already in 
1905 with the younger generation, and is also clearly visible in 1923, 
although not more pronounced. In regard to these qualities, which clearly 
show the degree of independence, this levelling is in strictness nothing 
partieular . It can hardly be doubted that there is a causal relation here with 
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TABLE IV. 

1905 s. 1905 j. 1923 

M. w. M. w . M. w. 

Resolute I 51 i9 50 53 57 53 

Irresolute 
I 

29 29 30 28 23 19 

Independent 69 56 6i 59 I 71 67 

Parroting 13 2i 20 2i 
I 

13 10 

Ambitious 38 25 3i 30 26 20 

Indifferent 2i 16 26 2i 19 17 

In the background 19 32 16 20 
I 

28 26 

Domineering 2i 23 I 19 25 15 21 

Giving full scope 55 i3 
I 

53 i7 67 53 

Amenable 12 17 13 13 5 

Golng in for polities 12 7 2 6 3 

the feminist~movement, though we are not quite sure wh ere to look for the 
cause, and where for the effect. Is the greater independence of woman a 
consequence of the feminist~movement, or is the latter the result of woman's 
greater independence? In the first case we cannot assume a rea I change 
in men, no more than in the case of the past fear of sunedipses: people 
have merely adapted themselves to altered circumstances. In the second 
case, however, a real psychical change in woman is perhaps answerable for 
the feminist~movement. In order to ascertain this a dos er inspection of 
other qualities is required. Por some intellectual qualities we get the 
following values: (See Table V, p. 968). 

Prom this we see that the large difference in favour of man in the 
younger generation of 1905 seemed to have disappeared almost completely, 
but that in ·1923 it re~appears, although reduced to little more than one 
third, as compared with the older generation of 1905. Now a marked 
tendency to levelling of the differences between man and woman had been 
established by HEYMANS and WIERSMA (3) for the younger generation of 
1905, especially for the secondary function, of the intellect and of most 
indinations. All these groups of qualities yield the same results in 1923 as 
those just mentioned ; the sex differences are, indeed, much smaller than 
for the oldest generations of 1905, but again considerably larger than for 
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TABLE V . 

I 

1905 s. 1905 j . I 1923 

M. W. M. W . i M. W . 

Quick of apprehension 60 -49 59 57 70 66 

Intelligent 60 -45 51 -4-4 60 50 

Shallow-minded 13 23 18 19 6 10 

Stupid 2 5 -4 5 0 0 

---

Memory : 

Extraordinary 17 11 12 8 13 14 

Good 75 74 75 78 68 67 

Bad -4 9 7 7 8 10 

the youngest of that year. This levelling also continued in 1923 only for 
the qualities that point to a higher degree of independence and activity in 
sociallife. I feel inclined to conclude from this that the increase of the latter 
qualities is partly ascribable to the altered circumstances, anyhow for 
women. Better education, a wider scope of activity have given the girls 
more independence of judgment and attitude. Besides, also a general 
tendency is observable to a lessening of the differences between man and 
woman, which became more apparent in 1905 than in 1923 and of which 
the secondary character htas not been identified. In connection with the 
new fashions in clothing and head-dress, in sport and in life-maxims we 
often hear people speak of the growing "masculinity" of woman. Except 
with respect to independence, th is tendency, which cannot be other than a 
greater psychical likeness of the two sexes, is not increasing. Probably, 
however, most of these mannish phenomena among the woman-fashions of 
to-day may be considered as signs of an increased independence. The 
press contains repeated utterances suggesting that short frocks , bobbed hair, 
greater love of sport, are considered as such. This generally observed 
phenomenon is affirmed by our figures . 

I am perfectly aware that much remains to be said about the spirit of our 
age. An inquiry into the relative frequency of the various qualities of 
temperament separately and collectively, into the increase or decrease of 
religiosity e.g., which has also been much debated, would no doubt yield 
interesting results. I believe, however, that in themselves the results 
discussed justified a publication. They may be summarized as follows: 

10. Increasing love of pleasure cannot be considered as a typical mark 
of our time. 

20. Many peculiarities of modern thought, which may be considered as 
a lessened sense 'for reality, are easily comprehensible through the greater 
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frequency of the taciturn and solitary character~type, which is especially 
notabIe in man. 

30. In psychic qualities the woman of our time differs, broadly 
speaking, less from man than formerly. This levelling is most pronounced 
and most constant in regard to qualities that point to greater independence, 
and is as such decidedly partly a consequence of the feminist~movement. 

From the Psychiatric~Neurological Clinic 
of Groningen. 
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Physics. - The fundamental pressure~caefficient af helium. ( Cam~ 
municatian N0. 188a from the Physical Laboratory at Leiden) . By 
W. H. KEESOM and Miss H. VAN DER HORST. 

(Communicated at the meeting of September 24. 1927). 

§ 1. lntraductian . The fundamental pressure~coefficient. i.e. the 
pressure~coefficient between the fundamental points 0° and 100° c.. for 
helium had not been directly measured in Leiden. CATH and KAMERLINGH 
ONNES 1) determined the difference of the fundamental pressure~coeffi~ 
cients for the international helium and hydrogen thermometers with the 
differential gas thermometer 2). They found aiH, - aiH. = 0.0000014. With 
aiH, = 0.0036626 3 ) this gives aiH. = 0.0036612 4 ). 

This value only differs little from the value a /He = 0.0036614. which 
was deduced from the pressure~coefficient assumed in Leiden for the 
Avogadro state aA = 0.0036618 by means of the values Boo e. and BlOoo e. 
determined by KAMERLINGH ONNES 5) 6). 

However it remained desirabIe to measure the pressure~coefficient for 
helium directly. This wasallthe more necessary as HENNING and HEusE 7) 
deduced from direct measurements aiH. = 0.0036600. 

These measurements by HENNING and HEusE. however. are subject to 
serious objections. For instance their simultaneous measurements of 
pressure~ and expansion~coefficient for helium lead to values of BIOOo c .• 
which are neither in mutual agreement nor in agreement with those of other 
experimenters 8). 

We have now measured successively the pressure~coefficient of helium 
with two different gasthermometers. 

I) P . G. CATH and H. KAMERLINGH ONNES. Arch . Néerl. (III)A 6. 1. 1922. Comm. 
Leiden NO. 156a. 

2) By international helium and hydrogen thermometer is meant the thermometer in question 
at constant volume with initial pressure Pooe. = 1000 mmo Cf. H . KAMERLINGH ONNES. 
these Proc. 10. Febr. 1908 p. 589. Comm. Leiden NO. 102b and further W . H . KEESOM 
and H. KAMERLINGH ONNES. Suppl. NO. Sla . § 2. 6 and § 9. 1. 

3) According to H. KAMERLINGH ONNES and M. BOUDIN. these Proc. 3. Sept. 1900. 

p. 299. Comm. Leiden NO. 60. where 1X~~~loooe . = 0.0036627 was found for Pooe.= 1098 mmo 

0) CATH and KAMERLINGH ONNES put lXiH, =0.0036627. cf. Comm. NO. 156a p. 18 
note 4. Cf. Suppl. NO. Sla. p. 13. note 5. 

S) H. KAMERLINGH ONNES. These Proc. 10. Dec. 1907. p.445. Comm. Leiden NO. 102a. 
6) See CATH and KAMERLINGH ONNES. Comm. Leiden NO. 156a. p. 22. note 1. 
7) F . HENNING and W . HEUSE. Zs. f. Phys. 5. 285. 1921. 
8) From the data on this subject given by HENNING and HEUSE above referred to 

we find by: 
0°_100° e. 0°_100° C. 

a. a p = B1oooc . . aA • pooe .• 
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A. Measurements with the helium thermometer of 108 em3 . 

§ 2. The Thermometer; The description of this thermometer with the 
corresponding manometer can be found in Comm. N0. 152a 1) . 

The evacuation of the reservoir and connected filling tubes required a 
great deal of time. While heating the reservoir to 250-300° C. a 
condensation pump was applied for 7 or 8 hours a day. It was not till after 
10 days that the reservoir was entirely free from gas. Before the rea I filling. 
first the tubes and then the reservoir we re rinsed with dry helium gas. 

The helium was taken from a' cylinder of compressed helium produced 
from liquid helium. Before entering the thermometer. the heliumgas passed 
through a spiral placed in liquid air. so as to eliminate the last traces of 
moisture. 

The reservoir, marked T 3 , is made of Jena glass 16III. Formerly with 
this reservoir frequently had already been measured. The dimensions as 
given by VAN AOT 2) were: volume of reservoir V o = 108.267 cm3., 

glass capillary up to the wider part 45 mm3 .• change in volume of the 
reservoir due to difference of internal and external pressure : 4.625 mm3 • 

for a difference of pressure of 75.26 cm. mercury. The volume of the steel 
capillary we measured 459 mm3 . 

The volume between the horizontalplane through the top of the 
adjustment~point to the end of the steel capillary we determined volume~ 
nometrically as given in Comm. NO. 164 § 4. The total noxious volume, 
up to the horizontal plane mentioned above, is 761 mm3 . 

It was further necessary to measure the volume of the space between 
the horizontal plane through the adjustment point and the mercury 

cf. Leiden Suppl. NO. 23. equation (137). the following values of BIOOoC.: 

OO-IOOOC. 0°-100° c. 
76 Po IX. IX. p Blooo c . v 

111.6 cm 0.0036600 0.0036581 + 0.35XlO-3 

52.1 36599 36603 - 0.16 

110.3 36601 36582 + 0.36 

76.0 36598 36591 + 0.19 

50.5 36595 36589 + 0.29 
I 

Compare with this Leiden Suppl. NO. Sla, table I. Neither does the value for Booc. 
measured directly by HENNING and HEUSE correspond to that of other experimenters. 
cf. the table quoted above. 

I) P. G. CATH and H . KAMERLINGH ONNES. These Proc. 20, 991. 1155, 1917. Comm. 
Leiden NO. 152a. 

') Earlier calibrations see Comm. Leiden NO. 1528 p. 10, note 4. and Comm. Leiden 
NO. 164 p. 19. 
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meniscus. This volume consists of a cylindrical portion and the residual 
volume, i.e. the volume between the meniscus and the horizontal plane 
carried through the top of the meniscus. This residual volume was 
calculated by means of the data given by J. PALACIOS 1). 

The expansion coefficient for Jena glass 16III between 0° and 100° C. 
was determined at our request by Miss A. F. J. JAN SEN by the weight
thermometer method. Measurements 
with a vessel of 100 cm3 • yielded 10-7 X 243.2 and 242.6 mean 242.9 

" 300 242.0 241.7 241.85 

mean 10-7 X 242.4 
As expansion coefficient of mercury we took 10-7 X 1826.0. For our 

calculations we took as expansion coefficient for Jena 16II1 0.00002420 2). 

§ 3. Measurements ot the pressures. The pressure of the gas in the 
thermometer, apart from a few corrections, was determined by the 
difference of height of the mercury meniscus in the two manometer tubes, 
increased by the pressure above the mercury in the long manometer tube. 
This pressure was again determined by a mercury barometer placed beside 
the manometer. A correction was made for the difference of level 
between the barometer and the manometer. The corrections for the 
capillary depression were borrowed from DE flAAS-LoHNSTEIN 'S data 3) . 
The differences of the level in the mercury menisci were read by means of 
a comparator calculated upon a difference of height of 1.50 M ., provided 
with three telescopes from an invar scale of 1.50 M . length divided into 
mmo The scale, comparator and telescopes were furnished by the Société 
Genevoise. 

1) J. PALACIOS. Trabajos del laboratorio de Investigaclones fisicas, NO 61. Annales de 
a Soc. Esp. de Fis. y Quim. 27, 275, 1919. Cf. International Critlcal Tables Vol. I. p. 72. 

2) Earlier values: 
WIEBE and BöTTCHER, ZS. f. Instr.kde 10, 233, 1890: 
PULFRICH, see SCHOTT, Vortrag Ver. Z. Bef. des Gewerbefl., Berlin 1892: 
KAMERLINGH ONNES and BOUDIN, Comm. Leiden NO 60, 1900: 
SCHEEL, ZS. f. Phys. S, 257, 1921 : 
VAN AGT and KAMERLINGH ONNES, Comm. Lelden NO 1768 , 1925: 

240 X 10-7. 
240,6X " 

242 X " 
242,4X " 
235,5 X " 

[For the formula given in Comm. NO. 176a for the thermal expansion of Jena-glass 1611l , 

the following coefficients are in better agreement with the experimental results, than those 
mentioned there: 

Added in the translation]. 

a = 702.6 
b = 47.54 

c= 19.39 
d= H.31. 

3) W. J. DE HAAS. Thesis Leiden 1912, p. 52. It does not seem necessary to make 
a reca\culation on the basis of the measurements recently published by the P. T. R. (Zs. 
f. Instrumentenkunde 'U, 324, 1927). Seelng that it is here always a matter of dlfferences, 
the alterations it would cause in each pressure reading would be below, except in a few 
unfavourable circumstances even far bel ow 0.03 mm., which lies within the limit of 
accuracy finally arrlved at. 
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§ 4. The icepoint. For this finely planed ice 1) of distilled water was 
used carefully prepared with our own freezing apparatus. The thermometer 
was placed in a large flower pot filled with ice, which was carefuIly packed 
round the reservoir and the stem. During the measurements the ice was 
constantly kept in close contact with the thermometer. The ice was kept 
weIl moistened by regularly pouring distilled water upon it. The water that 
ran off was collected in an earthenware saucer, from which it escaped 
through an opening at the side 2) . 

The variations in the reading registered by a BECKMANN thermometer 
placed in ice at a small di stance from the thermometer reservoir for one 
day, and also the differences on different days, amounted to only a coup Ie 
of thousandths of a degree. 

The glass capillary is placed in ice to 10 cm. below the soldering place 
of the steel capillary. 

§ 5. The steampoint. The steam apparatus, described by 
KAMERLINGH ONNES in Comm. N0. 27 3) has since undergone some 

K 

changes, see fig. 1. The steam, after having 
passed by the thermometer reservoir Th 
and through the protecting mantle, is again 
condensed in a brass pipe K surrounded by 
a cooler, while the brass pipe reaches to 
within a few cm. of the bottom of the boiler. 

Gas is replaced by electricity for heating 
the water. This gives a more even 
temperature in the room and consequently 
in the mercury column in barometer and 
manometer. 

The thermometer hangs in the vapour 
apparatus to within 10 cm. of the soldering 
place of the capillary. The protruding 
portion of the capillary is insulated by 
asbestos cord, to prevent the soldering place 
of Wood metal at the top of the glass 
capillary from getting hot. 

To ascertain the pressure in the boiler a 
Pig. I. glass tube bent at right angles is introduced, 

one limb of which reached to the thermometer reservoir. The other limb, 
which is closed during the measurements can be brought into communication 

I) A description will shortly he published of the rotating motor-driven ice-plane made 
by the Kon. Ned. Grofsmederij at Leiden, which has replaced the apparatus descrihed by 
KAMERLINGH ONNES in Vers\. Kon. Akad . \". Wet. Amsterdam Mei 1896, Comm. 
Leiden NO. 27. 

2) Cf. H. KAMERLINGH ONNES, Comm. NO. 27 § 7. 
3) H. KAMERLINGH ONNES, Comm. NO. 27 § 8. 
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with an open water manometer by means of an india rubber tube. The air 
column above the water, which, when examining the pressure, is connected 
to the vapour in the boiler prevents the steam from condensing there, so 
that the manometer can be read oH at ease for some minutes. 

The pressure in the boiler is regulated by the cooler. During the 
measurements the over~pressure amounted to 1 mmo water. This was taken 
into consideration in determining the temperature. The height of the 
barometer at each observation was given by the barometer that also gave 
the air pressure above the long tube of the manometer. 

The pressure of the water vapour was reduced to international 
atmospheres by means of the factor 1.00062 1). The boiling point was 
calculated according to the table in LANDOL T-BöRNSTEIN. 

§ 6. The calculation of the pressure coefficient was made as described 
in Comm. N0. 156a § 3. 

§ 7. R.esults. The ice point was observed on March 19th and June 
3rd 1927. On the former day the foIIowing results were obtained : 

Ho = 986.482 mmo 
.495 
.467 
.531 (water poured over the ice) 
.531 
.631 (a lot of water) 

Accepted: 986.631 mmo 

On June 3rd the melting water which ran oH was regularly supplemented 
by pouring on distilled water. The measurements were': 

Ho = 986.619 mmo 
.667 
.662 
.664 
.662 
.662 
.655 

mean: 986.656 mmo 

For calculating the pressure~coefficient the mean of the two above values 
was taken : Ho = 986.644 mmo 

The steampoint was observed on March 16th and May 24th and 30th. 
The results are brought together in the foIIowing tab Ie. The 4th column 
contains the pressure coefficient deduced from each measurement, the last 
the mean of each day. 

It appears that the greatest deviations occurred on May 30th, which no 

I) Suppl. Comm. Leiden NO. 5la § 3. 
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TABLE I. 

Date H IOO Boiling point 0- 100° C . 

Cl: Mean 
1927 mm oe. v 

16 March 1349.233 100.377 0 .00366118 

.. .216 .373 115 

.. .235 .377 119 

.. .227 .377 111 

.. .224 .377 108 0 .00366114 

24 May 1348.805 100.254 0.00366134 

.. .786 .253 118 

.. .829 .258 143 

.. .805 .259 115 

.. .816 .258 130 

.. .804 .257 121 

.. .758 .251 097 

" . 760 .250 102 0.00366120 

30 May 1347.689 99.948 0.00366122 

.. .677 .945 120 

.. .670 .937 144 

.. .673 .937 147 

.. .594 .926 107 

.. .628 .923 152 

.. .587 .919 126 

.. .561 .904 155 0.00366134 

doubt is connected with the fact that, owing to a change in the barometer 
height, the boiling point had considerably changed. 

As general mean we found : 

0.00366124. 

B. Measurements with the helium thermometer of 355 cm3 . 

§ 8. KAMERLINGH ONNES and BRAAK 1) agreed that for a more accurate 
determination of the pressure coefficient between 0° and 1000 C. a thermo
meter of 300 cm3 . was desirabIe. In this case the proportion of noxious 

1) These Proc. 10, Nov. 1907, p. 429. Comm. Leiden NO. 101b, p. 14 note 3. 
63 

Proceedings Royal Acad. Amsterdam. Vol. XXX. 
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space to the volume of the reservoir would be more favourable and 
therefore the influence of uncertainties in the size and temperature of the 
noxious volume upon the J.lesults would be smaller. This proportion comes 
to 0.0030 for measurements with the thermometer of 355 cm3 . as compared 
to 0.0080 with those of T 3' 

With a larger reservoir, moreover, the proportion of the surface to the 
volume is also more favourable, so that a possible surface effect will have 
less influence. 

The diameter of the manometer tube of this thermometer was also taken 
larger (18 mm.) by which the uncertainties in the capillary depression were 
decreased 1 ) . 

Finally, for the pressure determinations with this thermometer a single 
manometer was used, instead of manometer and barometer, as had always 
been used in the former measurements 2) . This eliminated the necessity of 
the reading of two mercury menisci 3) . 

§ 9. The arrangement of the thermometer and corresponding mano~ 
meter was as in Comm. No. 152a to which we refer. The connection of 
the long manometer tube with the reservoir in ice was no longer necessary. 
In place of this a second tube filled with charcoal was introduced, which 
was used for further evacuation after the first tube. 

§ 10. Calibrations. Reservoir (T gl) and glass capillary were calibrated 
with mercury. The result was (at 0° C.) : 

Volume of reservoir from 3 weighings 355.173 cm3 . -+- 0.79 mm3 . 

Volume glass capillary between two marks from 5 measurings 
39.56 -+- 0.42 mm3 • 

With a difference of internal and external pressure of 770 mmo the 
change in volume in the reservoir was 21.58 mm3 . 

The reservoir and the capillary we re made of Jena glass 16III . 

The volume of the steel capillary from 7 calibrations with mercury was 
found to be 503.67 -+- 0.47 mm3 . 

The section of the short tube of the manometer at the adjustment~point 
was measured with mercury: Result of 4 measurings: 278.85 -+- 0.18 mm 2 . 

The section of the long tube of the manometer was also measured with 
mercury at various important points. For the radius as mean of 6 measurings 
was found 9.22 -+- 0.003 mmo 

1) The inaccuracies in pressure readings due to this are actually lEss than 0.01 mmo 
ld. note 3 p. 972). The disadvantaÇJe that the volume at the adjustment point becomes 
greater is exceeded by this advantage. 

2) This was made possible by the fact that the grant, made to us by the International 
Education Board enabled us to acquire the comparator and invar-scale mentioned in § 3. 

3) On the other hand, if there is a temperature gradient in the room the differences of 
temperature in the mercury become greater. It appeared to be possible, however, to keep 
the difference of temperature at the top and the bottom of the mercury column between 
0.08 and 0.02 of a degree. 
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§ 11. The filling of the thermometer. This was done in the same way 
as T 3 (§ 2). The evacuation of the reservoir. however. required consider~ 
ably more time. After daily pumping had been going on for four weeks 
and the Mac Leod still registered pressure every morning. the thermometer. 
af ter being again evacuated. was put aside for a few months. Wh en af ter 
3 Yz months the pressure was again tested. it appeared th at this had by no 
means increased in proportion to the time. whereupon the daily pumping 
was again begun. At the same time the reservoir was kept heated in an 
electric oven to -+- 2500 C. After pumping for a good week the Mac Leod 
showed no pressure in the morning. 

The thermometer was filled with helium gas from the same cylinder as T 3. 

§ 12. The noxious volume. As with T 3 the noxious volume between 
the adjustment~point and the soldering place of the steel capillary to the 
steel adjustment piece was determined volumenometrically. The steel 
capillary was placed for this in a copper tube. to keep the temperature 
constant. Por this portion of the noxious volume between the adjustment 
point and the soldering place of the steel capillary to the steel adjustment 
piece was found (2 measurings) 410.62 -+- 0.92 mm3 • The volume of the 
soldering place of the steel capillary to the glass capillary with the wider 
part of glass capillary was measured and calculated at 42.53 mm3 • The 
volume of the steel capillary (§ 10). 503.67 mm3 .• added to th is yields a 
total vol~me of 956.82 mm3 • up to the horizontal plane through the 
ad j ustment~point. 

§ 13. The measurements. Concerning the measurements of the 
pressure we have only to say (see § 8) that two fixed telescopes could be 
used. as only two menisci had to be observed. The vacuum in the long tube 
of the manometer was maintained by a tube filled with charcoal regularly 
renewed and plunged into liquid air. and was kept under constant 
observation. 

Por the realizing of the ice~ and steampoint we refer to § § 4 and 5. 

§ 14. Results. The ice~point was determined on June 13th and July 5th: 

June 13. 1927: 974.110 mmo 
.188 
.191 
.180 
.181 

mean 974.190 mmo 

July 5. 1927 : 974.232 mmo 
.236 
.232 

mean 974.233 mmo 
63* 
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For calculating the pressure coeHicient the mean of these two values 
was taken: H o = 974.211 mmo 

The results obtained by the determination of the steampoint, with the 
values for the pressure coeHicient derived from it, are given in table 11. 

TABLE 11. 

Date H IOO Boiling point 0° - 100° C. 

I 
1927 oe. IX Mean 

mm v 

16 June 1331. 448 I 100.162 0.00366100 

.. .423 .156 097 

.. .435 .154 117 

" .317 .126 098 

" 
.296 . 120 098 

" .266 .112 097 0.00366\01 

21 June i331. 416 100.147 0.003661 12 

" 
.394 .143 115 

" .399 . 139 134 

., .391 .138 129 

.. .374 .135 124 

" .372 . 135 122 

.. .390 .135 140 

.. .387 . 134 137 0.00366128 

22 June 1331 .924 100.283 0.00366147 

" .920 .283 142 

" .927 .283 149 

" .888 .283 109 

,. .916 .283 138 

" .915 .283 137 0.00366137 

27 June 1330 .320 99.845 0.00366104 

" .322 .845 105 

" .340 .848 107 0 .00366107 

As general mean 0.00366120 was found. 

§ 15. The fundamental pressure~coefficient for the international helium 
thermometer. Taking into account the change of the fundamental pressure 
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coefficient with the initial pressure 1) the two series of observations yielded: 

Thermometer reservoir 
108 cm3. 

355 
0.00366124 

366119. 

From this follows as mean: aiHe = 0.00366121, which may be rounded 
oH as 0.0036612. 

A correction must still be introduced on account of the circumstance that 
in the boiler (§ 5) the reservoir of the thermometer was not protected 
against the radiation of the bottom and against any superheated drops, 
spattering up. From measurements, intentionally taken therefor, whereat 
the temperature was read oH hom a Beckmannthermometer, which could 
be protected or not by a plate of tin, suspended horizonta11y beneath the 
reservoir of the thermometer, it appeared that at the same velocity of 
evaporation by which the measurements with the helium thermometer taak 
place, without a screen the temperature was 0.003 degrees higher than 
with a screen. Considering this, the result will be 

ame = 0.0036611 2) . 

The remaining uncertainty in the result is due, ex cept for accidental 
inaccuracies in observation, to a trace of uncertainty in the expansion 
coefficient of the glass 3), and to that in the volume of the mercury 
menisci.Taking all factors together we should put the uncertainty at 
2 X 10-7 at the most. 

We may rem ark further that the value here found directly for aiHe, 

within the limits of accuracy mentioned befare, corresponds to the value, 
which was deduced hom KAMERLINGH ONNES and BOUDIN 'S measurements 
for hydrogen and those by KAMERLINGH ONNES and CATH corcerning the 
difference between hydrogen and helium (cf. § 1). 

I) Suppl. NO. Sla p. 20 equation (20). 
2) This paragraph is added to the English translation in consequence of a kind remark 

of Prof. Dr. F. HENNING. 

3) See p. 972 and the second note there. 



Crystallography. - On Quaternary Symbols of Zones. By C. H. 
EDELMAN. (Communicated by Prof. G. A. F. MOLENGRAAFF.) 

(Communicated at the meeting of September 24. 1927). 

In crystallography the determination of zones causes no trouble, when 
we use a tri-axial system of co-ordinates. 

If of a zone [U1 V1 wd two faces are known (hl kl 11 ) and (h2 k2 12) 
we have 

UI = k l 12 - 11 k2 

VI = 11 h2 - hl 12 

WI = hl k2 - k l h2• 

For a zone [U2 v2 w2l defined by the faces (kl h11d and (ië2 h2 12 ), 

whose symbols have been derived by a definite interchange and change of 
sign from those of the faces of the first bundIe, we also have 

U2 = hl 12 - 11 h2 

V2 = k l 12 - 11 k2 

W2 = hl k2 - k l h2• 

The symbol [U2 v2 ~2 1 may, therefore, also be written rVI U1 wd, so 
that the second zone-symbol is derived from the first in the same way, in 
which the symbols of the second pair of faces have been derived from those 
of the first. This holds for all zones in general ; e.g . the zone defined by 
the faces (kl h11d and (k2 h212) is [vl ul wll; the one defined by the 

faces (hl "lid and (h2 '(212) is [ul ~ wll etc. This property involves that 
corresponding ribs of a crystal get corresponding symbols, which needs 
must be so, considering the duaHty of faces and ribs. 

Difficulties will arise, when one us es a tetra-axial system ofaxes and 
the faces are designated af ter BRAVAlS by symbols of four numbers or in 
general by four algebraic magnitudes. 

T 0 show this let us con si der three zones : 

[UI VI ql wtJ defined by the faces (hl il kl 11) and (h2 i2 k2 12) 

[U2 V2 q2 w2l (kl hl i; (1)" (k2 h2 i; 12) 

The symbols of the faces belonging to the second (resp. third) zone can 
be derived from those of the faces of the first (resp. second) zone, by 
replacing the th ree horizontal indices by their opposites and th en inter
changing them cyclically. 

The faces of the first zone can be made to co-incide with those of the 
second (resp. third) by a revolution of 60° (resp. 120°), in positive sense, 
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round the crystallographical principal axis. Only for the sake of symmetry 
we shall also consider the third zone. 

Application of the ordinary algorithmus, after provisional omission of the 
third index, gives : 

UI = i l 12 - '1 i2 VI = II h2 - hl 12 

U2 = II h2 - hl 12 = VI V2 = kl 12 - I I k2 = VI - UI 

u3=kI 12-ll k2=VI-UI V3 = II i2 - i l 12 = - UI 

WI = hl i2 - i l h2 

W2 = kl h2-h l k2=wI 

w3=il k2 -k l i2=wI 

The ternary symbols now obtained are again complemented to quaternary 
ones by availing ourselves of the property that the sum of the three 
horizontal indices = o. The symbols of the three zones are then succes~ 
sively: 

(UI) (VI) (-UI - VI) 

(VI) (VI - UI) (UI - 2 VI) 

[(VI-UI) (-UI) (2 UI - vd 
The relation that existed between the symbols of the corresponding faces 

of the zones is no longer present in the same form in the zone~symbo1s. 
So in this symbolism - the one most applied - (GROTH, DANA, 

TSCHERMAK and others) corresponding zones do not get corresponding 
symbols. Strictlyspeaking th is could hardly be expected, because in our 
deduction the third index occupies a very exceptional position. In searching 
for another symbolism, that fulfils the requirement of correspondency, we 
shall have to find a method, in which the three horizontal indices will be 
treated in the same way. 

The ternary symbol has been found af ter provisional dropping of the 
third index; provisional omission of the second or the third index gives 
other symbols. The symbols found in these three ways have been tabulated 
below: 

Symbol I Af ter omiSSionl 10 index 
I 

20 index 
I 

30 index 
I 

iO index of the of the 

30 Index 
uI vI - wl 

10 zone 20 index 
uI - vI - -vI w l 

10 index - vI - uI -uI w l 

30 index vI vI - uI - w l 
20 zone 20 index uI - uI - vI w l 

10 index - -uI -vI w l 

30 index vI - uI - uI - wl 
30 zone 20 Index vI - uI w l 

10 index - - vI uI - vI w l 
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We have thus found two values for every horizontal index. 
By addition of indices belonging together we can compose a symbol for 

every zone, to which the horizontal indices of the face symbols have equally 
contributed. This addition yields for the three zones the symbols: 

[ (2 UI - VI) (2 VI - UI) 

[ (UI + VI) (VI - 2 UI) 

(- UI - VI) (3 WI) ] 

(UI - 2 VI) (3 WI) ] 

[ (2 VI - UI) (- UI-VI) (2 UI - VI) (3 WI) ] 

The correspondency of the indices of the three zone~symbols is, indeed, 
completely the same now as was the case with the symbols of the faces we 
started from, so the requirement of correspondency has been fulfilled. 

WEBER I) has arrived at the same symbol along quite another way. Now 
the question occurs to us whether the result obtained, is the only solution 
of the problem. We shall, therefore, formulate the problem as follows : 

To convert the ternary symbols of corresponding zones, obtained with 
the ordinary algorithm , into such quaternary symbols that these symbols 
present the same dependence as those of the corresponding faces that 
define the zones. 

This, then, comes to a conversion of the numerical pairs: 

in numerical triads : 

x. y z 
-z -x -y 

y z x 
in which the three unknowns x, y and z are bound by the relation : 

x+ y+ z=O. 
The numbers x, y and z of the first triad have to be derived by a 

transformation to be discussed presently from the numbers UI and VI of the 
corresponding pair. 50 we can write: 

X={(UI • VI) 

y=F(ul • VI)' 

But the same transformation must produce the numbers of the second 
triad from those of the second pair: 

- z = {(VI • VI - UI) 

- x = F (VI • VI - UI) 

Likewise for the third set: 

y = {(VI - UI • - UI) 

z = F (VI - UI • - UI) 

I) Zeitschr. f. Krist. 57 (1922). p. 200 sgg. 
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When confining ourselves to linear transformation. we can write : 

x = al UI + bI VI + Cl 

Y = a2 UI + b2 VI + C2 

- Z = al VI + bI (VI - UI) + Cl 

- X = a2 VI + b 2 (VI - UI) + C2 

y = al (VI - UI) - bI UI + Cl 

Z = a2 (VI - UI) - b2 UI + C2 

The equations thus obtained are dependent. so that after elimination of 
x, y and z, they furnish only two equations: 

UI (al - b 2) + VI (bI + a2 + b 2) + Cl + C2 = 0 

UI (a2 + bI + al) + VI (b2 - al) + C2 - èl = 0 

These equations of course admit of an infinite number of solutiop.s; but 
we are interested only {or those that are independent of fortuitous values 
of UI and Vl. in other words those we obtain by considering the two 
equations as identities. This yie1ds the re1ations : 

al-b2 =0 

a2+ bI + b2=0 

Cl +C2=0 

C2 -Cl =0 

The additive constants appear to become = O. However. only two 
relations exist between the four co~efficients al. bI' a2 and b2 , so that an 
infinite number of solutions still will satisfy. 

These considerations may still be extended by applying them also to the 
case in which the second. resp. the first index has been omitted. This 
furnishes some more re1ations, namely : 

After omission of the second index: 

x = a3 (UI - VI) - b 3 VI + C3 

Y = a4 (UI - VI) - b 4 VI + Cof 

- z = a3 UI + b 3 (UI - VI) + C3 

- X = a4 UI + b4 (UI - VI) + C4 

Y = a3 VI + b3 UI + C3 

Z = a4 VI + b4 UI + C4 

Erom which we can derive : 

a4=b3 

C3= C4=0 

a3 + b3 + b4 =0 
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And after omission of the first index : 

from which follows : 

x = as (VI - UI) - bs UI + Cs 

y = a6 (VI - UI) - b6 UI + C6 

- Z = - as UI - bs VI + Cs 

- x= - a6 UI - b6 VI + C6 

Y = - as VI + bs (UI - VI) + Cs 

z = - a6 VI + b6 (UI - IJl) + C6 

as = b6 

Cs = C6 = 0 
as + bs + a6 = 0 

The twelve co-efficients a l . .. .. . b6 are, with the exception of the relations 
already found , not independent. This is shown best when we write the 
symbol of one of the zones three times now : 

FIRST ZONE. 

I 10 index 20 index 

I 
al UI +bl VI a2 UI + al VI 1 10 symbol 

20 symbol a3 UI + b4 VI b3 UI + a3 VI 

/30 symbol a6 UI + as VI bs UI + a6 VI 

This gives the relations : 

al = a3 = a6 = b2 

bi = b4 = as = b6 

a2 = b3 = bs = a4 

40 index 

W I 

Wl 

WI 

The dependence of the twelve co-efficients al ..... . b6 is to be represented 
schematically as follows : 

The extension appears not to involve restrictions. So th ere is an infinite 
number of general transformations to derive quaternary symboIs possessing 
the property of being correspondent for corresponding zones, from the 
ternary symbols of zones, obtained in the ordinary way, and defined by 
faces designated by BRAVAlS symboIs. 
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As a matter of course the symbol composed above satisfies these 
relations : 

al = b2 = 2 
a2=bl =-1 

while the symbol proposed by VIOLA 1) which corresponds with : 

al = 1 
b2 =-1 
a2=b l =0 

does not satisfy and consequently is to be discarded. 
Now to which of the numberless possible symbols have we to give 

preference? It is evident that arithmetically no conclusive answer can be 
given to this question. Other requirements should be added to that of 
correspondency. 

But there is one more point of view from which the problem of these 
symbols of zones can be generally studied. 

If we de fine two faces by MILLER'S symbols, the equation of the 
intersection-line is easy to find. It is : 

x: y : Z = au : bo : cw, 

in which u, v and w have the ordinary value attached to them before, and 
in which a, band crepresent the lengths of the axes. Geometrically u, v 
and w can now be interpreted as the co-ordinates of a point of the zone
axis, if the three co-ordinates are measured by the concerned axial ratio 
as unit. 

When we apply this principle to the case of a hexagonal system ofaxes, 
then it is clear that the ternary symbol. obtained in the usual way, can be 
interp.ceted geometrically in the way stated above. 

Fig. 1. 

A point of the zone-axis can, therefore, be found by marking oH aUl 

I) Zeitschr. f. Krist. -t6 (1909), p . 345 sqq. 
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along the first axis, then aUl parallel to the second axis, then CWl /1 the 
fourth axis (fig. 1). 

If we want a quaternary symbol and require the symbol to admit this 
geometrical interpretation, the point B must be reached after setting out the 
th ree distances (fig. 2). From the figure follows : 

If we take 

then we get 

X-Z=UI 

Y-Z=VI 

X+y+Z=O, 

UI +VI 
z=- -3 

2ul-vI 
x= --3- --

2vl-uI 
Y=~-3-

SO in this way we get a conc1usive result, viz. the same symbol that was 
found above and satisfies the requirement of correspondency, as shown 
already. 

In fine it may still be observed that the same symbol is also obtained 
when converting thesymbols af ter BRAVAlS into those obtained af ter 
MILLER, and by subsequently applying the algorithm and substituting the 
thus obtained ternary symbol by help of the known transformations by a 
quaternary symbol again. It would seem then that in this symbolism all 
advantages are combined and therefore it deserves to be generally received. 
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Summary. 

10. The problem of composing quaternary symbols that are 
correspondent for corresponding zones admits of numberless solutions. 

20 . By an extension of the ordinary algorithmus one of the solutions 
can be found. 

30. The symbolism after VIOLA cannot be received. 
40• The symbolism after WEBER deserves general application. 
Finally I wish to express my heart~felt obligations to Prof. J. A. 

GRUTTERINK m.e. for encouraging me to start these observations, and for 
his kind suggestions. 

(From the Laboratory for Mineralogy of 
the Technical University of Delft.) 



Mathematics. ~ Representation of a Bilinear Congruence of Conics. 
By Prof. JAN DE VRIES. 

(Communicated at the meeting of October 29, 1927). 

1. A congruence [k 2] of conics is called bilinear. if an arbitrary point 
of space defines one con ic Pand an arbitrary straight line is a chord 
of one k2

• EVidently the plan es of the conics pass through one fixed 
point 0 and form. therefore. a sheaf. Accordingly a line s through 0 is 
a chord of OOi conics (singular line); these form a cubic surface I 3• 

This contains 5 pairs of lines that belong to [k2
]. 

The surfaces .4 rand I ~ corresponding to the lines SI and S2. have 
the P in the plane SI S2 in common. Any point S of the curve 0 7 which 
they have besides in common. carries a P th at cuts SI twice and a k2 

that cuts S2 twice; accordingly through S (singular point) there pass 
OOi conics. 

The surface .4 3 defined by the line OS. has a double point in S . This 
holds especially for the surface Q3 through the conics containing O. 

The plane of any k 2 passes through 0 and cuts 0 7 in six more points; 
these Be on k 2

• 

2. In order to arrive at a representation of the congruence we shall 
consider two lines al and a2 chosen at random as directrices of a con~ 
gruence of rays; this contains one chord b of a P; the transit B of b 
through a fixed plane f3 is considered as image of the P. 

A point B of f3 usually carries one transversal b of al and a2 and is. 
therefore. the image of the k2 lying in the plane Ob. 

The conic kÖ that has the transve~sal bo in f3 as chord. is represented 
in the point range (Bo) of bo. 

The transit AI of al is singular for the representation; the lines that 
join AI to the points of a2. are chords of the conics that cut OAI twice 
and. consequently. form a surface I 3. Analogously A 2 (transit of a2) 
is singular. 

The transversal a of al and a2 through 0 is a chord of 00 1 P; this 
is represented in the transit A of a; accordingly also A is singular. 

3. The conics that have a straight line s as chord. are represented 
by the rays of the scroll with directrices s. al and a2' Their images 
form. therefore. a conic f32 through AI' A 2 and A (one of these P passes 
through 0). 
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Any fP through AI , A 2 and A is the image of a system of conies 
that have a line s as chord. For if we choose two points BI and B 2 on 
(3 and . if through these points we draw the transversals bI and b2, the 
line of intersection s of the planes ObI and Ob2 defines the system of 
the P . 

Two curves fJl have one point B in common hesides the singular 
points; it is the image of the k2 lying in the plane SI S2 ' 

4. The point range (B) on a line c of (3 is the image of a system r 
of conics each of which has a transversalof c, al anda2 as chord. As 
these chords form a scrolI, their plan es touch aquadratic cone with 
vertex O. 

Hence through a point S there pass two k2 of r; on the surface of 
the conies of this system a7 is a nodal curve. The intersection of this 
surface with a surface ~3 consists, therefore, of the curve a7

, to he 
counted twiee, and of the two k2 that are represented in the points of 
intersection of c and the lP defined by Z3. Consequently c is the image 
of a surface r 6

• 

5. Let A he the surface formed hy the k2 th at cut a given line I; as 
double curve it has the k2 that cuts I twiee. 

The surface ~3 corresponding to a point S contains three k2 resting 
on I; hence a7 is a triple curve on A. 

The image curve ;. of the system has a triple point in A. Also AI 
and A 2 are triple points, for AOI and A02 are chords of three conies 
that rest on I. Besides the points A , AI and A2' ;. has th ree points B 
in common with a curve (32, the images of the k 2 of A that have 
the line s as chord. Accordingly A has an image curve ;'6 with three 
triple points. 

Two curves },6 have nine points B in common ; th ere are, therefore, 
9 P that rest on two lines I, and the surface A has the degree 9. 

6. A plane rp is cut hy [k 2] in the pairs of an involution. The pairs 
on the rays of a plane pencil with vertex M lie on a curve p.3. 
Four rays of this plane pencil are tangents of conies k2

; hence 
OM is a chord of four k 2 that touch the plane rp. The conie [J2 
corresponding to OM contains, therefore, the image points B of four 
k2 touching rp . 

The image curve of the system of the P that touch rp , has quadrup/e 
points in AI' A 2 and A; it is, therefore, a rp8. 

Two curves rp8 have 16 non singular points in common; there are, 
accordingly, 16 k2 that touch two given planes. 

A rp8 has 12 points B in common with a ;'6; consequently the conies 
that touch rp, form a surface <p12 with quadruple curve a7• 



990 

7. The pairs of lines belonging to [P] form a scroll 6.. As any 
surface I contains five of these pairs. the image curve ~ of 6. has 
quintuple points in AI. A 2 and A and any fJ2 contains five more points 
B of d. Accordingly the image curve is a 15 1°. lt has 15 non singular 
points in common with a l6; hen ce 6. is a seroll of the degree fifteen. 
Indeed. a line s cuts five lines of 6. in 0 and ten lines outside O. 



Zoology. - Observations on the adhesive apparatus and the function of 
the ilio~colonring in the living larva of Amphioxus in the growth. 
period. By Prof. J. W. VAN WIJHE. 

(Communicated at the meeting of September 24, 1927). 

I. Adhesive apparatus. 

In the November meeting of 1925 I reported on the occurrence of three 
papillae, partly observed also by ot hers, at the anterior part of the la rva of 
Amphioxus lanceolatus in its growth~period . Their presence has already 
been observed in the larva with a single gill~pouch. They get bigger during 
the larval growth, but perish as the metamorphosis advances. They secrete 
a mucous substance, which I suppose to be viscous. 

The anterior papilla is unpaired, lies right in front of the mouth and is 
provided with glandular cells with flagellate threads, which carry its 
secretion product (together with that of the club~shaped gland) into the 
mouth. This will promote the formation of slimy strands in which the 
food~particles are captured. 

The other two papillae are situated behind the mouth in the young larva. 
They form a pair: a right papilla and a left one. 

During the larval growth~period the left papilla remains with its fore~part 
close behind the mouth, which ultimately extends caudally beyond the 
region of the 5th gill~slit. When the left pterygial fold appears just behind 
the papilla, the latter forms on th is fold in caudal direction a long tape~like 
glandular stripe. This stripe does not reach the end .of the pharynx, 
consequently it does not overlap that portion of the fold that in older 
larvae lies behind the pharynx. 

In the course of the larval growth the right papilla also forms a long 
tape~like glandular stripe. This one is situated on the right pterygial fold . 
It extends about as far back as its antimere on the left fold. lts fore~part , 

however, does not shift caudally, but already in an early stage it grows 
rostrally as far as the basis of the ventraI. rostral fin in the topographical 
median plane. This accounts for the fact that earlier authors maintained 
erroneously that the vent ral rostral fin was continued caudally in the right 
side~fold . 

Some authors suspeded that the asymmetry of the larva is owing to the 
way in which it rests on the ground. They supposed the larva to lie on its 
side, just as the larva of the Pleuronectidae, of which the one eye, intended 
for the inferior side, migrates to the superior side. which contains the other 
eye. Analogously the left gill~slits of the larva of Amphioxus were supposed 
by these authors to migrate for a time to the right side. 

64 
Proceedings Royal Acad. Amsterdam. Vol. XXX. 
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Most adherents of this hypothesis assume a left lateral position of the 
larva. Of late years, however, the suggestion was made that the larva must 
lie on its right side. 

But if my view be the right one, viz. that the two tape~like glandular 
stripes secrete a viscous matter by which the Iarva can affix itself for a 
time, then the larva does not lie on the bottom, but stands, as it were, on 
its pterygial folds. True, in that posture its sagittal axis is not ver tic al, but 
oblique, because ventrally the right and the left ·fold do not extend equally 
faro Whether the left~ or the right side will incline towards the bearing 
surface, must depend on the fact whether the right or the left fold extends 
farthest ventral. 

This changes with the age~period. In young Iarvae the left papilla lies 
in the topographical ventral median line, and the right papilla a little higher 
on the right side. Then the larva must incline the fore~part of its body 
dextrad. But later on, when the right pterygial fold reaches farther down 
than the left one, the front~end of the larva must be turned obliquely 
towards the left. 

The presence of the adhesive apparatus in the larva of Amphioxus would 
not only afford another point of agreement with the larva of Tunicata, 
but would also clarify the origin of the peribranchial cavity in Amphioxus. 

Now was the time to watch the living larva, and to ascertain whether 
it can affix itself or not. 

The Direction of the "Biologische Anstalt" in Heligoland accorded to 
me the privilege of working in its beautiful, and well~appointed, newly~built 
aquarium. For 11 days in the first half of last August I studied there the 
living larva. When I arrived there, 11 larvae were available. They were 
from -4 to 5 mmo in length and had from 13 to 15 (left) gill~slits. The 
atrium had not made its appearance yet; every trace of right gill~slits was 
lacking. 

They were lying on the bottom of the big glass~jar wh ere they 
had been deposited. When the water was stirred they swam for a short 
while performing eel~like windings, but soon they sank to the bottom again. 

By help of the pipette, I transferred some into a shallciw glass, so that 
they could be watched with the binocular microscope. All of them 
immediately sank to the bottom, some lay on their left, ot hers on their 
right side. Sometimes it happened that a larva, that had been lying on the 
one side, turned on the other for resting. 

When shaking the glass a little 1 observed th at . some larvae shifted 
bodily to other places, which proved that they had been free to move ab out. 
Of others, however the fore~part appeared to stick to the glass, as the 
posterior (the larg.est) portion of their body was swinging to and fro. 

One day later, after the larvae had been set swimming in the big glass, 
1 happened to see four times that one of them was hanging on the vertical 
glass~wall. It erected itself vertically with the rostrum turned upwards. 
On shaking the glass a little it appeared that, roughly estimated, 1/3 of 
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the body adhered to glass~wall, but the lower 2/3 was swinging freely 
to~and~fro. 

The contact lasted, however, only a short time, about one minute, then 
the animal freed itself by some powerful to~and~fro strokes of the caudal 
part, to sink down motionless, or to swim to the surface and thence to 
subside without moving. 

The next day I received four newly caught larvae. Prof. HAGMEIER 
gave me a high rectangular cuvette with parallel walls of cut glass and a 
binocular microscope with BRAUS' stand, so that the microscope could be 
mounted horizontally. But I was not so fortunate as to see a larva on the 
vertical wall. This failure Iascribed to the smooth inner wall of the cuvette, 
on which hardly any material from the seawater could have been deposited, 
so that I expected a better result the next day. Such was the case; then I 
was soon ab Ie to show a larva suspended in the way described just now. 
But before we could mount the microscope, we saw the larva set itself free 
and subside to the bottom. 

The existence of an adhesive apparatus was now sufficiently demon~ 
strated, so that next I directed my attention to other functions of the living 
animal. The day before my departure from Heligoland all the larvae but 
two had perished. This was perhaps owing to inadvertency, as on 
preceding days I had refreshed the water from the tap, instead of drawing 
it directly from the sea. 

But also the two living larvae were more dead than alive. They were 
still transparent and not white as the others, but they did not move even 
when the water was stirred. 1 put both in the high cuvette where they 
went down to the bottom. Now by help of a pipette I brought one of them 
to the surface of the water close to the glass~wall. Without moving at all 
the anima I sank horizontally to the bottom. A second time I brought it up, 
with the same negative result. But the third time the animal remained 
hanging on the glass~wall af ter having descended half way; th en it 
assumed a vertical position, rostral part upwards; on moving the cuvette 
the caudal end swung to~and~fro. Now the binocular microscope was 
mounted horizontally and the left side of the animal appeared to be turned 
to the glass~wall. Owing to the low magnification - also with the strongest 
objective systems 1) - we could not teIl whether the left side . of the 
larva was pressed against the glass~wall, or (as I suspected) wh ether the 
larva was only inclined to it at an acute angle. Several gentlemen working 
at the "Anstalt" could witness that the larva was hanging on the wall. 
When I looked at it again three hours later, it was of an opaque white 
and was dead. Infusioria we re creeping with their cilia up~and~down the 
anima I or were swimming round it. The next day it was still hanging there, 
but was hardly more than the skin. lts inside had been eaten up; of the 
intestines, even of the chorda nothing could be distinguished. 

I) The thickness of the glass-wall prevented us from observing the larva under the 
strong objective-lenses of a monocular microscope. 

64* 
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I purposely dwelt on these observations at some length, because they 
tended to establish the fact that in its growth the larva of Amphioxus is 
provided at its front~end with an adhesive apparatus. Nor can it reasonably 
he doubted that th is apparatus (cf. my paper referred to at the outset) is 
supplied by the righh and the left papilla of the young larvae, which grow 
in the older larvae as far as the glandular stripe on the right and the left 
pterygial fold. 

Now let me discuss the origin of the peribranchial cavity in Amphioxus 
and Tunicata, which many authors hold to be homologous. 

Origin of the peribranchial cavity in Amphioxus. 

Our knowledge of the origin of the peribranchial cavity in Amphioxus 
we owe in the first place to LANKESTER and WILLEY (1890) . 

For many years already I have been collecting and cutting material to 
observe the origin of the pterygial folds and of the atrium. In this paper I 
shall give a brief report of my experience, which lintend to illustrate 
copiously in a later work. 

The first foundation of the pterygial fold appears as a small eminence 
on the wall of the pharyngeal region just behind the homolateral adhesive 
papilla. Initially its caudal growth is but slow up to the termination of the 
pharynx. After this its growth is quicker, so that with 18 gill~pouches 

shortly before the metamorphosis it covers a long distance beyond the 
pharynx. 

The left pterygial fold originates considerably later than the right one. 
It does not yet exist in a larva with 7 gi11~slits 1). As stated above it grows 
as far caudad as the right fold, but rostrally it does not grow so far, as it 
begins behind the mouth. The right fold on the contrary extends anteriorly 
up to the first gill~slit. lts apparent continuation up to the basis of the 
rostrum (in the topographical ventral median line) belongs to the right 
adhesive papilla. 

Apparently the adhesive papillae have given the first impetus to the 
origin of the pterygial folds, which afterwards form the atrium. On this 
ground the papillae may be considered to be instrumental to the origin of 
the atrium. 

In the first stage of the metamorphosis the right and the left pterygial 

1) HATSCHEK (Zoologische Wandtafeln, herausgeg. van Dr. R. LEUCKART Taf. 72 
Acrania) gives an instructive picture of a larva with 7 gill-slits, but in his explanation 
(l.c. Fig. 12) he confuses the rtght side of the animal and the left one. He says that the 
fold lies on the leEt (read: right) side, and the gill-slits lie on the left (read : right) side 
but that afterwards they shift to the right (read to the left). 

It is remarkable that in his explanation of Fig. 14 he says that the anus of the larva 
in Fig. 12 lies to the right, which is correct (anyhow for the presence of 1 to 6 gill-slits), 
whereas in the larva with one gill-slit (l.c. Fig. 10) the anus on the picture is on the 
leEt slde, which again is not correct. 
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folds coalesce behind the pharynx, but near their hinder extremity they 
leave a slit~shaped atrioporus open. 

LANKESTER and WILLEY found that this intergrowth takes place postero~ 
anteriorly; just the reverse direction is observed in the origin of the folds. 

Towards the close of the first stage of the metamorphosis (af ter WILLEY 
8 stages are distinguishable) the closing of the atrium is completed. 

At first sight the direction of the formation of the atrium, and also of 
that of the pterygial muscle, is surprising, but a clue to it may be found, 
when the normal posture of the larva in rest is such that initially . it is 
supported by its two adhesive papillae and afterwards by the glandular 
stripe of the pterygial folds. The folds form the side~walls of a longitudinal 
groove on the ventral side of the anima!. The groove is closed by the object 
on which the animal rests so as to form a channel open behind. The row 
of the (left) gill~slits debouches into the groove, the bottom of which is 
turned upward. 

The water th at has served for respiration and feeding flows from the 
gill-:-slits into the channel, formed by the groove and the underlying object. 
It is transported further in caudal direction. In swimming there is no channel 
as the object is absent, and the groove is open over its whole length, unless 
its edges close up, which can of ten be seen on cross~sections. But th is 
does not matter, as an apparatus for removing the used water from the 
vicinity of the mouth is not wanted, because the animal continually moves 
from one place to another. 

In the resting larva the effect of this appa[é~tus is increased when the 
metamorphosis has begun, because behind the pharynx the walls of the 
two pterygial folds, facing each other, get fused, thus forming the 
foundation of the atrium. Now in th is region the pterygial muscle appears 
about simultaneously. lts contractions constrict the atrium, so that a sort 
of sipho arises, which will drive out the respiration water from the atriopore 
with greater force. The atrium now closes soon in anterior direction and 
the pterygial muscle grows in the same direction. 

When the closure is accomplished the larva is provided with so powerful 
arespiratory organ (during swimming as weIl as during rest) that the 
gill~muscles will degenerate and ultimately disappear as the metamorphosis 
progresses. On the gill~slits of the right side, which do not appear before 
the closure of the attrium is completed 1) muscles do not develop any more. 

1) FRANZ (1925) (Kap. 11 p. 427 sqq.) believes th at already before the formation of the 
atrium gill-slits of the right side are open to the outside directly. He pictures (I.c. Table 16 
Fig. 5) a transverse section from a series, that appears to have been studied rather 
cursorily. The two openings r, ö and /, ö are not right and left giil-opening, as is asserted 
in the explanation of the picture. but the double section of a left gill-slit curved through 
contraction : 

end. c is not the section of the MEndostylcoelom" for the collapsed truncus arteriosus 
can be seen in its proper place (on the nether lip of the right boundary-fold, left side of 
the figure) in the shape of four cohering cells: end. c is the cavity of a (Ieft) gill-arch 
with some fibres of the gill-muscle cut longitudinally. All visceral musde fibres represented 
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Now the adhesive apparatus has become superfluous and degenerates. 
Besides being arespiratory organ the atrium has still to perform another 

function. viz. the protection of the pharynx and the mid~gut. Now the 
larva can modify its habitat. and hide in the sand. without any harm being 
done to its gills. its liver or mid~gut and without any chance of the gills 
being stopped up. The numerous larvae in the 2d to the 8th stage of the 
metamorphosis. that I received from Naples. had all been caught 
from the sand. 

Origin of the peribranchial cavity in Tunicata. 
A comparison with Amphioxus. 

1 shall be brief about it for two reasons : 1 ° because I have but little 
experience of this origin in Tunicata. and 20 because in 1914 (pp. 71-74) 
1 reported already on the comparison between Tunicata and the young 
larva of Amphioxus. 

In Ascidians the origin of the peribranchial cavity is quite independent 
of the adhesive papillae. while the pterygial folds do not ~)Ccur in Tunicata. 
Consequently their peribranchial cavity cannot be homologous with that of 
Amphioxus. which originates in quite another manner. 

lagree with VAN BENEDEN and JULIN (1886. pp. 401-405) in assuming. 
1°. that in Acopa this cavity must be derived from the pair of gill~ 

channels of Copelata (Appendicularians) ; 
20. (l.c.p. 387) that the strand of entoderm~ cells. which in the larva 

of (Appendicularians and) Ascidians is found in the "tair'. is the rudiment 
of the gut in the trunk of the larva of Amphioxus. so that the post~branchial 
gut in Tunicata must be a totally different part of the body from that in 
Amphioxus. 

Por the rest the comparison made by the authors of the larva of Ascidians 
and that of Amphioxus is untenable. also in consequence of subsequent 
researches. 

It induced me (1914) to draw the following conclusions : 

in Fig. 5 belong to the gill-muscles. that disappear during the metamorphosis. The 
foundation of the pterygial muscles is still cellulous. not fibrous. and FRANZ's assumption 
(I.c. p. 430) that in the larva of Fig . 5 they should already possess muscIe fibres. is 
erroneous. 

He presumes to have to correct my observations, but I cannot accept his view. On 
transverse sections of an adult Amphioxus it can easily be seen that the plates of the 
pterygial muscles look freely into the narrow "abdominal channels" and in the lateral 
part of the side-channel. True, the lower border of those plates is not free everywhere 
but here and there attached to the skin, by which the "abdomlnal channels" have originated. 
In the medial part of the side·channel the lower border of the plates is attached in the 
trunk reg Ion to an outgrowth of connective tissue, which. however. is lacking more 
laterally. So this outgrowth forms merely an incomplete partition wall. Laterally there is 
a free communication between the groove of the side-channel with spaces between the 
muscIe plates. A sBgittal section may involve errors "here and has led FRANZ (I.c. Fig . 8) 
astray in supposing the pterygial muscIe to be composed of IittJe cases c10sed all round. 
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1°. that morphologically the first pair of gill~slits, which in Amphioxus 
has been metamorphosed into mouth (tremostoma), and c1ubshaped gland, 
corresponds with the pair of gill~channels of the Appendicularians; 

20. that the postbranchial intestinal loop of Tunicata has to be looked 
for morphologically in the second pair of gill~slits of Amphioxus, of which 
only the left antimere occurs as the first gill~slit in the larva, but disappear5 
during the metamorphosis , while there is not so much as a rudiment of the 
right antimere. 

It might be possible, though, that in some Tunicata this very antimere 
should form the intestinal loop. On this matter I have now a more 
settled opinion. 

The intestinal loop of Copelata namely lies to the right 1) of the median 
plane, which passes through the spinal cord and the gl. thyroidea (the 
so~called "endostyl"). In Acopa on the other hand it is morphologically 
located to the left 2) of that plane. 

The term "Acopa" is defective, as it is indicative of the absence of a 
character (absence of a tail). With sharply distinguished positive 
characteristics Tunicata may be divided according as the intestinalloop lies 
to the left or to the rig ht, into Laevicolica (= Acopa) and Dextricolica 
(= Copelata) . 

It may now readily be suspected that in the large group of Laevicolica 
the intestinal loop corresponds with the foremost (left) gil1~pouch of 
the larva of Amphioxus, in the Dextricolica, on the other hand, with the 
right antimere of this pouch, which is no longer developed in Amphioxus. 
This difference may account for a large differentiation of Laevicolica. They 
are distributed over some orders and many families, whereas the 
differentiation of Dextricolica is restricted to at most two families , if 
Kowalevskia is to be considered as a representative of a separate family. 

11. Swimming movements. 

Many years ago I tried to interpret the remarkable asymmetry of the 
pharynx of the larva of Amphioxus, the disappearance of the primary 
mouth, its substitution by morphologically the first left gill~slit, and some 
more phenomena 3) by advancing the hypothesis that the ancestors of 
Amphioxus had rotated "to the left" wh en they were swimming, round 

1) In most Copelata also the anus lies, on the right side. In Megalocercus and Stegosoma 
it lies in the median plane. If the suggestion expressed in the text be correct, it must 
originally have lain to the right in these two genera. 

2) In Corellidae the intestinal loop lies to the right of the gill-basket, but DE SEL YS 

LONGCHAMPS (1900) has found that in the larva the anus debouches into the foundation 
of the [eft atrium. The site of the intestinal loop on the right is, therefore, to he regarded 
as a secondary displacement. 

3) Such as the absence of an organ of equilibration and of image-forming eyes. Afterwards 
also the initial location of the anal outlet on the right side of the body. 
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their long axis i.e. in the direction from right to left (along the 
ventral plane). 

HATSCHEK (1881) observed this movement (which occurs also in the 
development of many Invertebrates) in the embryo, even for some time 
af ter it had disengaged itself from the egg~menbrane. 

Now, when FRANZ (1924 p. 6) had found in most cases a similar 
rotation in the adult anima I when swimming, I also expected it in the 
larva, but this expectation was not realized. 

I could not note any rotation in the eel~like windings, alluded to above 
- observed already by LEUCKART and PAGENSTECHER (1858). 

It still remains to be seen whether the hypothesis is in any way 
substantiated by the mode of moving of younger larvae than those th at I 
had at my disposal. 

Other authors have endeavoured to ascribe the asymmetry to the 
condition of rest. This, however, seems impossible to me, especially af ter 
what has been said above about the behaviour of the larva during rest. 

I have to assume that in its period of growth the larva lies attached 
to objects mi the bottorn of the sea, mostly temporarily, but sometimes also 
detached from them, now on its Ie ft, now on its right side. At intervals 
it swims higher up, and is then carried along by the ocean~currents. From 
the second stage of the metamorphosis upward - when the atrium has 
been fully developed, it also hides in the sand; at intervals it leaves its 
hiding~place. The vertical posture of larvae suspending freely in the water, 
as described by WILLEY (1891) applies probably only to stages of the 
metamorphosis. All the larvae, living or dead that I observed in Heligoland 
sank motionless in horizontal posture to the bottorn of the vessel. 

111. Food transport. 

The food is moved along the alimentary canal by the cilia, which, just 
as in the case of the full~grown anima!. line the lumen of the intestinal canal 
over its whole length. 

At the wheel~organ and the gill~slits, but also at the ilio~colonring 

the cilia have grown to long flagella, which form a living, brisk grating 
spectrum. Light causes in those two places two beautiful green spots, by 
which the larva of Amphioxus is recognizable 1) among the many other 
larvae in the plankton. Muscular contractions were not observed at the 
intestine behind the pharynx. Indeed, muscIe fibres are not known either 
in th is part of the intestine of the larva. 

In order to watch the progress of the food a little finely pulverized 

1) LEUCKART and PAGENSTECHER already (1858 p. 559) called attent ion to these spots. 
They say th at the larvae "im Pokale leicht erkannt [werden] an der zartgrünen Färbung, 
welche diejenigen Stellen des sonst durchsichtigen Körpers auszeichnet, an welcher die 
Kiemen und jene, an welcher die hintern Partien des Darmes liegen. Sie sinken, wenn sie 
sich nicht bewegen. im Wasser unter" . 
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carmin was added to the water of the watchglass, in which a newly caught 
larva had been placed. It lay with the left side upward and had 15 gill~slits. 
The violent movement of the flagella of the wheel~organ caused the grains 
of carmin to be conveyed along the mandibular groove into the wide 
mouth~opening. The dorsal border of the groove had already been enlarged 
by the foundation 1) of the left cheek that had just made its appearance, 
and which scarcely reached the front~end of the long, aval mouth~opening. 
A few grains flew up 2) over the cheek~foundation; still, they got into 
the mouth~opening. While the organ set up a powerful current posteriorly, 
its violent undulatory movement was directed anteriorly. 

The wheel~organ, seen in a side~view of the larva, presents the shape 
of a horse~shoe, with its open side turned caudally towards the mandibular 
groove. As the undulations of the threads in either limb 3) of the horse 
shoe are directed anteriorly, the apparent wheel~like rotations of the 
apparatus are lacking, which JOHANNES MÜLLER (1841) has described at 
the extremities of the "finger~shaped figures" in the developed Amphioxus. 
At the top margin of such a figure he found the undulatory movement 
directed anteriorly, at the lower margin, on the other hand, it was directed 
posteriorly. 

At the thick anterior border of the mouth~opening of our larva there 
was to be seen a bundIe of long threads which quietly struck at the mouth 
at occasional short intervals. This bundIe belongs to the unpaired 
mandibular papilla. 

With a deeper focussing of the microscope HATSCHEK's groove revealed 
itself under the wheel~organ. On the bottom of the groove lay some small 
clusters of carmin~grains, that had gat there accidentally. Here th ere 
seemed to be a perfect condition of rest, contrary to the violent movement 
at the border. Even af ter an hour the shape of the clusters had not altered 
appreciably. 

At the gil1~slits the undulation of the flagella could be seen beautifully. 
At the anterior border the direction of the undulation was dorsat at the 
posterior border it was ventral. This is an opposite direction to that which 
JOHANNES MÜLLER has observed af ter the metamorphosis at the half~slits 
of the animal. He also observed that the wheel rotation is only a semblance, 
but that in reality the flagella expel the water in quite another direction 
viz. through the gil1~slits. 

The grains of carmin did not come out through the gil1~slits - I had 

I) The foundation of the cheek grows later on rostrally over the pre-oral organ (wheel· 
organ + HATSCHEK's groove) as weil as caudally over the mouth-opening. 

2) In the description we have tried to give an impression of the velocity as It appeared 
magnified by the mIcroscope. 

3) The left limb is shorter than the right one. It follows the lower border of the left 
lateral muscle and terminates near the posterior border of HATSCHEK's groove, The right 
limb reaches farther backward and presents on cross sections a strongly bent course. This 
curve is not very weil observabie in a side-view. 
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used a small quantity of carmin on purpose - but they had accumulated 
in the shorter or longer mucus~strands, which entered the alimentary canal 
at the end of the pharynx. This mucus is secreted by the pre~oral organ, 
the mandibular papilla, and also in the pharynx itself. Directly wh~n the 
red strands entered the gut at the end of the pharynx, they began to glide 
linearly with uniform velocity towards the ilio~colonring which they soon 
filled up. Here the transport of food was stopped for some time, while 
the strand was being revolved round its axis by the long flagella that line 
the inside of the ring. 

Af ter some time part of the strand entered the rectum and moved on 
slowly in a straight line, while the portion left behind in the ring continued 
revolving. When the ring was empty the strand had filled up the whole 
rectum as far as the anus. Soon the strand was thrown out slowly piecemeal. 
All the time the anima I had been lying quietly and turned over only once 
from its right side on its left. 

When the gut was emptied the ring was of a light pink, which manifested 
resorption. But also the clubshaped gland had in some degree assumed this 
colour, for which the blood must have been responsible. 

The experiments with carmin we re repeated several days, also for the 
purpose of determining the time required by a strand to pass through the 
various sections of the alimentary canal. This time, however, appeared to 
depend on all sorts of conditions. 

It differed e.g. according to the length of the strand that issued from 
the pharynx; also according as a strand was or was not followed soon 
by others; and according as the flagella in the ring beat briskly or tardily 
(the lat ter occurred sometimes in animals that had been caught several 
days ago). 

In the above~described experiment the strands had filled the ring in 
two minutes; after a rotation of 5 minutes the ring was empty, and the 
whole rectum was filled, and af ter another 4 minutes the whole intestinal 
canal was empty, so the whole time~interval in the post~pharyngeal part of 
the alimentary canal amounted to 11 minutes. 

Af ter the intestine had been emptied a very small lu mp of carmin grains 
glided from the pharynx in one minute up to the ring, remained there 
quietly for one minute; when entering the ring it revolved for one minute 
and ultimately also passed through the rectum in one minute. 

The same di stance covered by a large amount of food in 11 minutes, 
was gone over, a short time later, by a very small quantity through an 
empty gut in four minutes. 

These time~data can only serve for examples, yet with other larvae e.p. 
I obtained time~values, that differed little from the above. 

If a fair quantity of food glided from the pharynx after the ring was 
already quite fulI, it first stopped before the ring, but subsequently it also 
partook of the rotation, I suppose because it had been sufficiently 
agglutinated with the contents of the ring. This affords the clue for the 
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fact that the end of the mid~gut often exhibits a slight dilatation just in 
front of the ring. 

During the comparatively slow linear móvement in the rectum the 
food~strand was mostly broken to pieces, just as ANDREWS (1893) also 
observed in Asymmetron. 

Time failed to experiment with other substances than carmin. Once I 
administered ammonium~carmin powder, which is easily soluble in distilled 
water, but appeared almost insoluble in sea~water. Contrary to my 
expectation its action was toxic. The ring was soon filled; the food began 
to revolve. This lasted about an hour! (55 minutes), then it entered 
the rectum in three several pieces, of which the hindmost appeared in the 
anus af ter 6 minutes. The front piece was not thrust out yet af ter 
15 minutes. All that time the larva lay still, the right side uppermost. Af ter 
a couple of hours the anima I was markedly curved and dead; it still lay 
on its Ie ft side. 

Function of the ilio~colon ring. 

From the foregoing it follows that in the ring a complete mixture must 
take place of the ingested food and the digestive f1uids. Moreover 
resorption takes place here for which there was no time 1) in the mid~gut, 
because of the quick rate at which the foodstrands passed through it. 

It can he said, therefore, that the ilio~colon ring in the larva of 
Amphioxus - presumably also in the full~grown anima I - functions as 
a stomach, although morphologically it does not agree at all with the 
stomach of higher anima Is. For this stomach is a widened portion of the 
gut behind the oesophagus and before the embouchure of the efferent 
duct of the Iiver. In Amphioxus and its larva a stomach is absent in the 
corresponding place. But the ilio~colon ring lies on the border between 
mid~gut and rectum (end~gut) and corresponds morphologically in higher 
anima Is with part of the coecum, or with the appendix. 

A coecum is found· already in Selachians, but in Holocephali we find in 
its stead still a ringshaped glandulous piece of the gut. 
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POSTSCRIPT. 

Just when this paper had appeared in Dutch, FRANZ was so kind to 
send me his extensive works of this year on Amphioxus. 

I cannot enter into them in detail and must con fine myself to two pomts 
concerning the present paper. 

1°. I am happy th at they drew my attention to the paper of J. H. 
ORTON: "On a Hermaphrodite Specimen of Amphioxus, with Notes on 
Experiments in Rearing Amphioxus", Journalof the Marine Biological 
Association of the United Kingdom. Vol. 10, 1913-' 15. 

In this paper ORTON (l.c. p. 511) already stated that larvae of Amphi~ 
oxus, a fortnight old, when "only the first few gill~slits had appeared ...... 
stuck to the bottom of the vessel in the head region. " 

So ORTON was first in discovering the attachment of the larva to objects. 
But I cannot agree with his suggestion that this may occur by asecretion 
of the club~shaped gland, opening on the left side, and that "then the larva 
would be able to feed only from the right side of the body." 

As we have seen. the feeding occurs just as well whether the animal is 
lying on the right or on the left side. Moreover, in my opinion, the very 
young attached larva will not lie on the left si de, but seem to be resting 
on the right side. as noted above. p. 992. 

20. FRANZ (Morphologie der Akranier, Ergebnisse der Anatomie und 
Entwicklungsgeschichte, Bd. 27, 1927, p. 593) figures a median section of 
a larva of Amphioxus with about 14 gil1~pouches in the period of growth. 
The pre~oral organ is cut twice. showing two fossae, a foremost larger one, 
in contact with the notochord and behind this fossa, but more ventrally, 
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a smaller one. FRANZ says (l.c. p. 594): "die grössere Grube wird zum 
Räderorgan, die kleinere zur HATSCHEK'schen Geisselgrube". 

In a series of transverse sections, however, of a larva at this stage, one 
easily sees that the interpretation of FRANZ must be inverted: the anterior, 
larger fossa in contact with the notochord being the groove of HATSCHEK. 
The smaller posterior one, pushed away from the notochord is a part of 
the wheel~organ (Räderorgan). It is the deep curve of the longer, right 
limb of the horse~shoe mentioned above, p. 999 footnote. 

The term "Geisselgrube" for the groove of HATSCHEK is a misnomer, 
as it shows no flagellation, at least not in the larva. The flagellate cells 
bordering the opening of the groove in front and at the sides 1) belong 
to the wheel~organ. 

The position of both fossae in a transverse section of a somewhat older 
larva (first stage of the metamorphosis) may be seen in LANKESTER and 
WILLEY (1890, fig. 13). Here (in the "praeoral pit") S 0 is the groove of 
HATSCHEK and W 0 the deep curve in the right or inferior limb of the 
horse-shoe noted above. 

My sections show that this curve is straightened out during the period 
of metamorphosis. At the end of this period the "Flimmergrube" (which, 
1901, I found in the adult, but is lacking in the larva) arises as an 
outgrowth from the posterior end of the groove of HATSCHEK. It is not a 
transformation of the "curve" as might erroneously be presumed and it 
does not arise from the wheel-organ. 

Concerning its function in the adult I suggested (1901) that it would 
contribute in evacuating the mucus secreted by the groove of HATSCHEK. 
Probably the same function will be performed in the larva by the deep 
curve in the right arm of the wheel-organ (right limb of the horse-shoe). 

Groningen, December 1927. 

1) Both arms of the wheel-organ (= limbs of the horse-shoe) uniting in front of the 
groove of HATSCHEK are prolonged rostrally (in the larve as weil as in the adult) into 
an unpaired process. 



Geology. - The compacting pressure of sediments. By J. VERSLUYS. 

(Communicated at the meeting of October 29. 1927). 

Attention was drawn in 1908 by H. C. SORBY (1 , pp. 227-32) to the 
phenomenon th at most sediments, according as they attain a greater depth , 
become more compressèd, so that the volume of pores decreases. This is 
especially of effect for sediments that arise from mud, i.e. clay, shale and 
sla te, but also with quartzsand and sandstone at greater depths the porosity 
declines( 6 ). As a rule this phenomenon is called compaction. This has 
recently been treated at length by H. D . HEDBERG (2) and W . W . 
RUBEY (6). 

The compaction of cla'y at no great depth is a consequence of this, that 
the adsorbed water at the points of contact of the solid particles is driven 
out enabling these particles to approach each _ other. The voids - under 
these circumstances pores can not be yet spoken of - then become smaller. 
If the pressure be again diminished, the clay then expands, so long as no 
other manner of compaction has taking place (3). During this first 
compaction the particles will also become arranged otherwise and owing to 
this, on the cessation of the pressure, even though it may be able to absorb 
water, the clay will not again expand to the volume it had before 
compaction set in. 

The second way of compaction, the other arrangement of the solid 
particles is still able to proceed, even af ter the mutual contact has been 
attained, but th en friction of the solid particles over each other takes place. 
That process, up on further compression, however, will cease when at all 
the points of contact of the solid particles the angle the direction of the 
pressure farms with the normal of the common tangent plane of two 
particles is smaller than acertain angle of friction. The gliding of the 
particles, however, can even then take place, provided the pressure 
increases in one direction and the above mentioned angles change, a 
proportional increase of the pressure in all directions, however, cannot any 
longer effect any compaction in this sense. It would even be conceivable 
t~at under alround pressure, as long as this manner of compaction is of 
effect, the volume of the clay or rock will become smaller without any 
increase of pressure. With the first kind of compaction however, by driving 
out the adsorbed water, a certain connection must exist between volume, 
respectively porosity and pressure (2). 
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IE the pressure increases, compaction can take place in two other ways, 
viz: by recrystallization and by the crushing of the particles. With the 
recrystallization it may be presumed that at the points of contact of the 
particles, solid matter becomes dissolved and that this again becomes 
crystallised elsewhere on the surface of these particles. A new texture then 
arises; th is phenomenon was described by W. H. RUSSELL (5) for 
sandstone. The sediment then undergoes a change from a granular to 
spongy mass. 

The crushing of some particles, as is discussed above, must again be 
succeeded by compaction, owing to alteration of the arrangements, by 
which the smaller particles occur, due to the crumbling of the larger, and 
force a way into the former pores. 

IE it be taken that the deposit of the sediments and the sinking of those 
already deposited takes place so slowly that comp~ction at any depth may 
be always considered as having been completed, as regards the pressure 
operating there, the porosity, at any depth, might be considered as a 
function of the pressure and the porosity would then indirectly be a 
function of the depth. Prom the foregoing observation, however, it would 
th en follow that this need not be a continuous function. At a slight depth 
this function is determined by adsorption, and at greater dephts by entirely 
other phenomena. 

The pressure exercised by a sediment of a certain porosity can be easily 
calculated as long as the mass is still granular. We th en have to do with 
the pressure exercised by submerged bodies. If the specific gravity of the 
grains be s, and if the porosity (i.e. the quotient of the volume of the pores 
and that of the entire mass) p, then the weight of the solid matter in the 
unit of volume of the mas!? is (l-p) s, and the pressure of the water 
upwards up on this quantity of matter l-p, hence the pressure per unit of 
volume is (l-p) (s-I). The specific gravity of the water is presumed 
to be 1. 

Therefore at a depth y the pressure, is : 

D = (1 - p) (s - 1) Y (1 ) 

The hydrostatic pressure of a column of water of this height is y, hence 
the sediment exercises a pressure that is (l-p) (s-l) times that of a 
column of water of the same height. 

H. D . HEDBERG (2, p. 1038) stat es that according to C. K. LEI TH and 
W. J. MEAD, the specific gravity of the solid particles of clay is 2.68, of 
shale 2.71 and 2.70-2.85 for sla te. If 2.75 be taken as the average specific 
gravity : 

(s - 1) (1-- p) = 1.75 (1 - p) (2) 

and for p = 0.43, the value of this form is 1. If the porosity of the sediment 
be 0.43, it then thus exercises a pressure, that is equally great as th at of a 
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column of water of the same height. If the porosity be smaller, the pressure 
becomes greater: 

porosity 
0,4 
0,3 
0,2 
0,1 
0,01 

(1- p) (s - 1) 
1,05 
1,22 
1,40 
1,57 
1,73 

The figures in the second column represent the pressure at the va lues of 
the porosity given in the first column, which a layer of granular sediment, 
having a thickness I, exercises upon the grains of the sediment lying below 
there. This pre~sure multiplied by the depth, represents the pressure th at 
aims at crushing, or bringing the grains closer together. 

Formula (1) can also be deduced in another manner. If per unit of area 
at a depth y, the volume of the pores declines q, the who Ie mass of sediment 
with the water in its pores, with a thickness y, will sink a small depth q, 
on the other hand, however, a volume of water q will rise over a height y. 

Hence the following energy is exerted : 
10. Positive, by the sediment: (l-p) syq. 
20. Positive, by the water: pyq. 
30. Negative, by the water: yq. 
The total energy that is exerted by the sinking of the sediments is 

therefore: 

A = 1(1 - p) s + p - I! y q = (1 - p) (5 - 1) Y q (3) 

The distance is q, hence the force of the pressure exercised in this case, is 

A 
D = - = (1 - p) (5 - 1) y, 

q 

as deduced in formula (1): 

(4) 

The last deduction, that of formula (4) is unaltered of application for a 
porous rock, for a spongy mass, as is referred to above. 

If the pressure will be able to result in the further compaction of the 
sediments, it must then exercise energy : 

1 0. to cause the solid particles to approach each other, to cause matter 
to recrystallise, to effect a plastic change of form, to crush particles and to 
cause particles to glide over each other ; 

20. To get the water to move from the diminished pore space through 
the pores of the sediments. 

The work referred under 10 , may be spoken of as the compaction work, 
that referred to under 20, is aloss, owing to friction in a fluid. The question 
would be whether th at loss is great or small. 

According to DARCY'S law (see 4) the volume of water th at flows per 
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unit of time under a rate of decline dh the unit of area of the cross section 
dl ' 

in a sediment is : 

dh 
u=k dl' (5) 

in which k is a factor dependent upon the nature of the sediment, if h is 
the pressure head and I the distance. 

or 

With an unvariable transversal section is : 

h=ul. 
k 

The energy exerted with this per unit of time is per unit of area: 

u21 
a=uh=k . 

If the sediments over the height y are homogeneous one can write : 

u2y 
a=T 

and 

(6) 

(6a) 

(7) 

(8) 

(9) 

if t is the time in which the volume of pores, as is above discussed has 
decreased q. From this follows: 

and the total energy per unit of area is : 

2 

A =at=C{J!. 
kt 

(10) 

(11 ) 

Hence the energy absorbed by the friction of the water is inversely 
proportional to the time of the compaction. This energy would effect a 
great counter pressure, provided A had a great value. If the compaction, 
however, takes place slowly, t becomes great and the value of A smalt sa 
that the friction can become sa small as to be negligible. 

The value of the factor k is very small for the finer sediments, for the 
larger it is much greater. If fine sediments become intermingled with same 
coarser strata, the water will then be carried oH laterally by the last 
mentioned, and, owing to this, the friction becomes much smaller. 

In formuIa (1), as has already been observed, the value of s changes 

65 
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slightly with the depth, but that of p is dependent up on the pressure and 
consequently also up on the depth, hence may be written : 

p=f(y) . . (12) 

and the pressure through a thin layer of sediment having a thickness dy is 
thus for every depth: 

D = 11- f(y)l (s - 1) dy, (13) 

which follows from formula (1). Hence the total pressure at a depth y is : 

9 

D = (s- 1) ~ y - ff (y) dy ~ . (14) 

o 

As is mentioned above, for great values of y the function f( y) is not 
continuous within the limits 0 and y, so the value of D will be better 
represented by : 

~ ~ 9 n 

D = (s - 1) ~y ~f fdy) dy - j'f2 (y) dy .. , - ffn (y) dy~ . . (15) 

o 

The functions fI, f2 ' .... ,fn are not known otherwise than from obser~ 
vation, if this be possible. If the value of p at various depths be known. 
instead of formula (15) we may be able t~ . be satisfied with : 

D = (s - 1) (y - I P /::, y), (16) 

in which /::'y are the various heights, concerning which the porosity is 
considered as having the certain value p. Hence I Dy = y. 

H. D. HEDBERO (2, pp. 1052 and 1053) gives various figures for the 
porosity of clay, shale and slate, taken partially from H. C. SORBY (1). For 

slate these may decline to 4~O' 
To prevent misunderstanding it should further be pointed out that the 

pressure of the sediments which tries to cause those open · spaces such 
as excavations at great depth, which are not entirely filled with water nor 
with air under great pressure, to collapse, must not be calculated in this 
manner. In this case at the deduction of formula (3) referred to sub. 30 the 
work qy does not intervene and in the place of formula (4) we may write : 

!(1 - p) s + p I y . (17) 

Hitherto it has been presumed th at the specific gravity of the water is 1. 
If the water be salt, this is notso and thus the specific gravity of the 
water is SI' the formula then becomes: 

(18) 

Should the specific gravity of the water not be everywhere the same. in 
stead of SI a function of the dep th y can be put. 
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Mathematics. - A One~Four Representation of a Complex of Twisted 
Cubics on the Points of Space. By J. W. A. VAN KOL. (Com~ 
municated by Prof. HENDRIK DE VRIES). 

(Communicated at the meeting of October 29, 1927). 

§ J. The twisted cubics P that pass through two given points Hl and 
H 2• that have two given chords al and a2 and cut a given line a3. may 
be represented on the points of space in the following way. We assume 
th ree lines a;. a~ and a~. and we suppose a projective correspondence 
to be established between the points of ai and the planes of the pencil 
of planes with axis a; (i = 1. 2. 3). Let a curve P cqt al in Al and A;. 
a2 in A 2 and A~ and a3 in A3' Let us call the planes associated to these 
points resp. al and a;. a2 and a~ and a3• To P we shall now associate 
the four points ala2a3' a;a2a3• a la;a3 and a; a;a3' In this way any curve 
P generally has four image points. Inversely in an arbitrary point P 
one curve P is represented. For if Al, A 2 and A3 are the points of 
al' a2 and a3 that are associated resp. to the planes Pa;. Pa; and Pa~ 
and if w 2 is the quadratic surface that passes through Hl, H 2 and A3 
and contains al and a2. P is the image of that individual of the system 
of the twisted cubics on w 2 that have al' hence also a2' as chord. which 
is defined by the points Hl' H 2• Al' A 2 and A3' 

§ 2. Between the pencils of plan es with axes a; and a~ there arises a 
projective correspondence by association to any plane through a; of 
the plane through a~ that passes through the same point of a;. To this 
projective association th ere corresponds another. Vl. between the points 
of a2 and those of a3' Any of the 00 2 twisted ~ubics k3 that have the 
property that one of their points of intersection with a2 and their point 
of intersection with a3 correspond to each other on account of Vl' has 
two image points that coincide in one point of a;. 

a; and a; are singular lines; in an arbitrary point P of a; e.g. any 
of the 001 curves P that pass through the points of a2 and d3 which are 
associated to the planes Pa; and Pa~. has two coinciding image points. 

In the same way any of the 00 2 curves P that have the property 
that one of their points of intersection with aJ and one of their points 
of intersection with a2 are associated to each other on account of a certain 
projective correspondence V 3• has one image point in a point of a~. 

a~ is a singular line; in any point P of a~ any of the 00 1 curves P 
passing through the points of al and a2 that are associated to the planes 
Pa; and Pa~ has one image point. 
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The transversal t13 (resp. t23 ) of al and a2 passing through Hl (resp. 
H 2) is completed by the conics that pass through H 2 (resp. Hl) and cut 
al' a2. a3 and · t13 (resp. t23). to 00

2 curves P each of which has one 
image point on the intersection t

13 
(resp. t~3) of the planes that are 

associated to the points of intersection of t13 (resp. t23) with al and a2' 

There are two singular Zines t;3 and t;3 that cut a; and a;; an 
arbitrary point P of t;3 e.g. is one image point of each of the 00 I 

curves k3 formed by tJ3 and the conics that pass through H 2 and the 
point of a3 associated to the plane Pa; and that Zie on the quadratic 
surface defined by these two points and the three lines a). a2 and t13• 

The transversal t l2 of al and a3 thrO!..lgh Hl is completed by the 
conics that lie in the plane H 2 a2. pass through H 2 and cut al and t]2. 
to 00 2 ' curves k3 each of which has two image points on the intersection 
t;2 of the plan es that are associated to the points of intersection of t l2 
with aJ and a3 and two image points on the intersection t;'2 of the plan es 
that are associated to the point of intersection of tl2 with a3 and the 
point of intersection of the plane H 2 a2 with aJ' 

There are four singular lines t;2' t;'2' t;2' t;2 that cut a; and a; and 
four singular lines t;). t;'J' t;l' t;1 that cut a; and a;; e.g. any point P 
of t;2' hence also a point ot t;'2' is one image point of each of the ooJ 
curves P formed by t]2 and the pencil of conics lying in the plane 
H 2 a2' passing through H 2 and the point of a2 that corresponds to the 
plane Pa;. and cutting aJ and t)2. 

The conics that lie in the plane Hl a2. pass through H J and cut al 
and a3' are completed by the lines passing through H 2 and cutting them 
and a) in different points. to 00 2 curves P each of which has two 
image points on the intersection Sl2 of the planes that are associated to 
the points of intersection of aJ and a3 with the plane Hl a2' 

There are two more singular Zines Sl2 and S22 that cut a; and a; and 
two singular lines Sl1 and S21 that cut a; and a~ ; any point P of S]2 
e.g. is one image point of each of the ooJ curves k3 formed by the 
pencil of conics that Zie in the plane H) a2' pass through Hl and the 
point of a2 corresponding to the plane Pa;. and cut a) and a3. and the 
Zines passing through H 2 and cutting al and an individual of this pencil 
in different points. 

The planes that pass through Hl and H 2 define th ree projective 
point ranges on a). a2 and a3' To them th ere correspond three projec~ 
tive pencils of plan es with axes a;. a; and a;. that produce a twisted 
cubic k1 which has a;. a; and a; as chords. In the same way to the three 
projective point ranges defined on these lines by the transversals of a). 

a2 and a3. there correspond three projective pencils of plan es with the 
axes a;. a; and a~ that produce a twisted cubic k~ which has likewise 
a;. a; and a; as chords. From the above it follows that the conics passing 
through H) and H 2 and cutting al' a2 and a3 are completed by the 
transversals of aJ and a2 cutting them. to 002 curves P each of which 
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has one image point on k~; and that the transversals of al' az and a3' 
are completed by the conics th at pass through Hl and H 2 and cut al' 

az and one of these transversals. to OOZ curves P each of which has 
one image point on k~. 

There are two singular twisted cu bics ki and k~ that have a~. a~ 

and a~ as chords; any point of k~ is one image point of each ofthe OOi 

curves P formed by a certain conic that passes through H 1 and H 2 
and cuts al' a2 and a3' and the transversals of a1. a2 and the said 
conic. which transversals form a scroll lying on the quadratic surface 
that is defined by a1' a2 and the conic in question; any point of k~ is 
one image point of each of the 00 1 curves P formed by a certain 
transversalof al' az and a3 and the conics that pass through Hl and 
H 2 and Zie on the quadratic surface defined by H 1• H 2• a1. a2 and the 
said transversal; k ~ cuts the lines t;k (i = 1. 2; k = 1. 2. 3) and k ~ the 
lines Sik (i. k = 1. 2). 

§ 3. The transversals of a~. a~ and a~ define three projective pencils 
of planes with axes a~. a~ and a~. To them th ere correspond three 
projective point ranges on al' az and a3' Each of the OOI curves P that 
have the property that one of their points of intersection with al' one 
of their points of intersection with a2 and their point of intersection 
with a3 are associated points of the said projective point ranges on al. 
az and a3. is a singular curve of our complex; for it has all points of 
a certain transversal of a~. a; and a~ as image points (besides it has 
th ree more image points lying in the plane that is defined by th is 
transversal and a~). We have to prove that the singular curves k3 form 
a surface of the fourteenth degree which has sevenfold points in Hl 
and Hz. and that al' az and a3 are single lines of the surface. 

§ 4. The system I I of the curves P that pass through a given point 
P. lies on the quadratic surface W Z which passes through Hl, H 2 and P 
and contains al and az' If we call the points of intersection of a3 with 
W

Z SI and Sz. we can decompose I I into the systems Z~ and I~' formed 
by the curves of I I that pass through SI resp. Sz. The image curves 
k~ and k; of I~ and Z~' lie in the planes x' and Uil through a~ that are 
associated to SI resp. Sz. The curves of 'Z~ as weIl as those of Z'; 
pro duce a (2. 2)-correspondence between the points of al and those of 
a2• To them correspond (2. 2)-correspondences. between the planes 
through a~ and those through a;. Consequently k~ en k; are biquadratic 
plane curves that have nodes in the points of intersection of a; and a~ 
with u' resp. u". 

k~ and k; cut each of the lines t~3 and t~3 in one point; the point of 
intersection of k~ and t;3 e.g. is the image of the curve k3 formed by 
t13 and the conic on W

Z that passes through Hz. Pand SI' 
k~ and k; cut each of the curves k~ and k~ in one point; the point 
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of intersection of k~ and k~ is an image of the curve P formed by the 
conic on w 2 that passes through Hl, H 2 and SI and the transversal 
through P of al and a2 and the point of intersection of k~ and k~ is an 
image of the curve P formed by the conic on w 2 that passes through 
Hl, H 2 and Pand the transversal through Slof al and a2' Summarizing: 

The system of the curves P that pass through a given point P. is 
represented on two biquadratic plane curves k~ and k; of which the 
planes pass through a~. which have both a node on a~ as weU as on a~ 
and both of which cut the lines t;3 and t;3 and the curves k~ and k~ 
in one point. 

§ 5. Let us call 0/ the image surface of the system I 2 of the curves 
k3 that cut a given line I. We determine the degree of 0/ by cutting 
it by a transversal t of a~ and a;. The number of points of intersection 
outside a~ and a; is equal to the number of curves P of I 2 th at pass 
through a point AI of al and a point A 2 of a2' Now the twisted cubics 
that pass through Hl, H 2• Al and A 2• cu(a3 and land also cut al outside 
Al, form a surface of the thirteenth degree that has a seven~fold point 
in A 2l). Accordingly the number of curves of I 2 that pass through AI 
and A 2• hence the number of points of intersection of tand 0/ outside 
a~ and a;. is equal to six. Further a; and a; are quadruple lines of 0/. 
wh at appears as follows. The multiplicity of a~ is equal to twice the 
number of curves of I 2 that pass through a point A 2 of a2 and a 
point A3 of a3' Now the twisted cubics that pass through Hl, H 2. A 2 
and A3, have al as chord and cut I. form a biquadratic surface that has 
double points in Hl, H 2• A 2 and A3 2) and. accordingly.is cut by a2 in 
two points outside A 2• From this th ere follows at on ce the indicated 
multiplicity of a~ and a;. Accordingly the line t cuts 0/ in all in four~ 
teen points so that we have proved th at 0/ is of the degree fourteen. 

a~ is a sextuple line of 0/. For the multiplicity of a~ is equal to the 
number of curves of I 2 that pass through a point A 2 of a2 and a point 
Al of al' hence. as we have shown above. equal to six. 

We shall give the other properties of Ol without proof. 
The system of the curves k3 that cut a given line I. is represented on 

a surface Ol of the fourteenth degree that has a~ and a; as quadruple 
lines, a~ as a sextuple line. the lines t;k and (~ as single lines, the 
lines t;3' [23 and Sik (i. k = 1. 2) as double lines and k~ and k~ as double 
curves. 

For the intersection of the curves k~ and k; with 0/ we find besides 
singular lines and curves sixteen points of intersection. wh en ce there 

1) Cf. G. SCHAAKE. The Congruence ot the Twisted Cubics which Pass through Four 
Given Points and Cut Two Given straight Lines. These Proceedings. 29. p. 1020. 

2) Cf. G. SCHAAKE. A Representation of the Congruence of the Twisled Cubics which 
pass through Four Given Points and cut a Given straight Line Twice. These Proceedings 29. 
p. 776. 
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ensues the following property. which may be proved directly in a simpler way: 
There are tour twisted cubics that pass through three given points. 

have two given chords and cut two given lines. 

§ 6. The intersection of Ol and Om consists of singular lines and 
curves. eventually to be counted more than once, and a curve klm of 
the order 72. EVidently klm is the image curve of the system I3 of the 
curves P that cut two given lines land m. 

klm cuts a~ in 56 points. For the number of points of intersection 
outside a~ of klm and a plane through a~ is equal to four times the 
number of curves P that pass through a point of a3 and cut 1 and m. 
Accordingly klm cuts a~ in 72 - 4.4 = 56 points. 

The number of points of intersection of klm and a; is equal to twice 
the number of curves of I3 with the property th at their point of intersection 
with a3 and one of their points of intersection with a2 are associated to 
each other through the projective correspondence VI' In order to determine 
this number we associate to an arbitrary point A3 of a3 the eight points 
A~ that on account of VI are associated to the points wh ere a2 is cut 
by the four curves of I3 through A3' If for the moment we call x the 
number of curves of I3 that pass through a point of a2' inversely to 
a point A~ there correspond x points A3' As the (x. 8)~correspondence 
between the points A3 en A~ has x + 8 coincidences. klm cuts a; in 
2x+ 16 points. We arrive at the number x by determining in another 
way the number of points of intersection of klm and a~. which has already 
been found above. For this number is also equal to the number of 
curves of I3 with the property that one of their points of intersection 
with al and one of their points of intersection with a2 correspond to 
each other on account of the projective correspondence V 3• If now to 
an arbitrary point AI of al we associate the 2 x points A; that through 
V 3 correspond to the .points wh ere a2 is cut by the x curves of I3 
through AI. inversely to an arbitrary point A; th ere correspond 2x 
points AI' The (2x. 2x)~correspondence between the points AI and A; 
found in this way. has 4 x coincidences. As above we have al ready 
found 56 for this number. we know now that x= 14. 

Consequently klm cuts each of the lines a; and a; in 44 points. 
klm cuts each of the lines i;3 and t;3 in ten points. tl3 e.g. is completed 

byeach of the conics that pass 'through H 2 and cut al' a2. a3' 1. m 
and t l3 (outside the points of intersection of tl3 with al and a2) to a 
curve k3 that has an image point in a point of intersection of klm and 
t;3' The number of these conics is ten. because the conics through H 2 
that cut al' a2. a3' 1 and m. form a surface of the eighteenth degree 
th at has al' a2' a3. 1 and m as quadruple lines and. accordingly. is cut 
by tl3 in ten more points outside al and a2' I) 

I) Cf. SCHUBERT, Kalkül der abzählenden Geometrie, p. 96. where the numbers 
p v6 = 18 and p 2 vf = i have been deduced. 
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klm cuts each of the lines t;k and t;~ (i. k = 1. 2) in two points and 
each of the lines Sik (i. k = 1. 2) in six points. 

klm cuts kr in twenty points. This appears in the following way. The 
conics through Hl and H 2 that cut al' a2 and a3. form a biquadratic 
surface of which al' a2 and a3 are single lines. Hence there are four 
conics that pass through Hl and H 2 and cut al' a2. a3 and l. Each of 
these conics is completed by the two lines that cut it and al' a2 and m 
in different points. to two curves P that have an image point in one 
point of intersection of klm and kr. Thus we have found four nodes of 
klm on kro We find four more of such points by interchanging 1 and m. 
Finally each of the two transversals of al' a2' 1 and m is completed by 
the two conics through Hl and H 2 that cut it and al. a2 and a3 in 
different points. to two curves k3 each of which has an image point in 
a point of intersection of klm and kr. In this way we have found four 
more. hence in all twenty. points of intersection of klm and kr. 

In an analogous way we can show that klm and k~ cut each other in 
sixteen points. 

The system of the curves k3 that cut two given lines land m, is 
represented on a curve klm of the order 72 that is cut by a'l and a; in 
4:4: points. by a~ in 56 points, byeach of the lines t;3 and t;3 in 10 points, 
byeach of the lines t;k and t;~ (i, k = 1. 2) in 2 points. byeach of the 
lines Sik in 6 points, by kt in 20 points and by k~ in 16 points. 

klm cuts On in 14:4 points outside singular lines and curves. Hence: 
There are 36 twisted cubics that pass through two given points. have 

two given chords and cut four given lines. 

§ 7. We can also investigate the representations of different systems 
of curves k3• e.g. the systems of the curves P that cut a3 twice. that 
have a given chord. th at touch a given plane. that touch two given 
planes and others. . 

The numbers that may be deduced from the representations of the said 
systems and the numbers already deduced above. are the following: 

p3 B3 = 1 p2 Bi = 1 p2 B2 yi = 36 
p3 B2 y2 = 4 p2 B3 y2 = 6 p2 B2 y3 e = 72 
p3 B2 y e = 8 p2 B3 y e = 12 p2 B2 y2 e2 = 14:4 

p2 B3 e2 = 24: p2 B2 y e3 = 288 

Here P denotes the condition that a twisted cubic pass through a 
point. B th at it have a given chord. y that it cut a given line and e 
that it touch a given plane. 

§ 8. The above enables us to indicate properties of surfaces formed 
by systems of 00 I curves P. 

The curves P that have a given chord b. form a surface of the 
sixth degree with triple points in Hl and H 2 ; al' a2 and b are double 
lines and a3 is a single line of this surface. 
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The curves P that cut two given lines land m. form a surface of 
the degree 36 that has eighteen~fold points in Hl and H 2 ; al and a2 
are fourteen~föld lines. a3' land mare quadruple lines. and the trans~ 
versals of al and a2 througb Hl and H 2 are ten~fold lines of this 
surface. Etc. 

§ 9. These results may be generalised by replacing the given chords 
al and a2 and the given line a3 by rational twisted curves. We must 
then make use of a few numbers relating to the congruences of the 
twisted cubics that pass through four given points and besides either 
cut a given rational twisted curve twice or cut two given rational twisted 
curves. With a view to this I refer to the thesis for the doctorate of 
tbe author: "Over congruenties en complexen van kubische ruimte~ 

krommen". 



Physics.- The ice~point ot the Thermometer scale. (19th communication 
of results obtained by the aid of the "VAN DER WAALS Fund".) 
By A. MICHELS and F. COETERIER. (Preliminary communication.) 
(Communicated by Prof. J. D. VAN DER WAALS.) 

(Communlcated at the meeting of November 26. 1927). 

A difficulty arising in connection with the determination of isotherms. 
was the impossibility of determining the 0° (Celsius) point of the thermo
meter scale with sufficient reproducibility by means of the methods in 
ordinary use. A greater constancy than 1/100. corresponding at 0° to a 
temperature accuracy of 1/27300. could not be cibtained with certainty. 
whilst the volume and pressure measurements we re susceptible to a much 
higher reproducibility. The cause of the inconstancy of the ice point has 
been traced. and a search made for a further point to serve better as the 
fixed point of the temperature staIe. 

One of the chief causes of the irregularity is that the ice point is never 
in a truly unary system. for even if ice from very pure distilled water is 
available. dissolved gases would still remain as impurities. 

A block of commercial ice usually consists of a transparent ma ss 
surrounding an opaque core and this core has much the higher gas content. 

Nitrogen and Oxygen are the most likely gases to be present. and the 
saturation of water by these gases at atmospheric pressure results in the 
freezing point being lowered by 2.5 X 10-3 • Other gases which are always 
present in a laboratory atmosphere will also be dissolved. Every mmo of 
Carbon dioxide. for example. will. when the dissociation of dissolved 
H 2C03 is considered. result in a depression of the freezing point of 
0.6 X 10-3. 

The products of the combustion of coal gas will also add to the impurities 
of the atmosphere and. therefore. of the water from the melting ice. 

The handling of ice during crushing and contact with a machine may 
also lead to the picking up of slight impurities. 

The constancy given by the triple point of water has therefore been 
investigated.as all these difficulties may then be avoided and a c1early 
defined unary system adopted. 

Preliminary determinations. 

In order to see whether the use of the triple point was practicabIe. a 
glass vessel was made in the form of a Dewar~vessel. and the space 
between the two walls filled with distilled and gas~free water. 



1018 

The water in the space was supercooled and then crystallised by touching 
the outside wall with a piece of solid carbon dioxide. 

This method of supercooling appeared to possess a great advantage over 
direct crystallisation. The water was supercooled at every point and, during 
the crystallisation, the ice needIes shot from all sides simultaneously towards 
the inside of the vessel. 

A quantity of mercury was poured into the inner vessel in order to 
obtain a better temperature exchange, and the bulb of a BECKMANN 

thermometer was placed in the mercury. 
The first experiments gave a temperature variation of only 1/500°. 

Some of the needIes showed that the ice began to melt soon af ter 
crystallisation, and the temperature did not remain 

~ constant for more than ten minutes. 

D 

B 

E 

A 

Further observations. 

As the results obtained were favourable, an 
improved and more definite apparatus was 
constructed. 

A much larger vessel was made, again in the 
form of a Dewar glass, as shown in the figure 
(capacity about 1 litre). The space A contained 
gas-free distilled water, and B mercury. 

The vessel was made large enough to hold a 
BECKMANN thermometer with the whole leng th of 
the Hg thread in the vessel. 

The vessel was supercooled by about 4° and, 
after the water had been crystallised as before, 
surrounded by a jacket (C) containing crushed ice. 

As the temperature between C and A only 
differed by 1/100°, the heat exchange between A 
and its surroundings was reduced to a minimum. 

It was possible by this means to maintain the 
temperature in B constant for several hours. 

Observations with the BECKMANN thermometer 
divided in hundredths of a degree, and therefore 
readable to a thousandth, showed no observable 
variations during the course of one crystallisation 
and, when the experiment was repeated on 
different days, the same result was obtained 
within the accuracy of observation. 

Although th is accuracy was more than enough for the immediate 
researches, it appeared advisable to investigate how far the accuracy 
extended by another method and observations were therefore made with 
a platinum thermometer. 
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The platinum thermometer, which was specially made for the purpose, 
consisted of a platinum wire loosely wound on a porcelaintube D, 
contained in a sealed glass vessel E, filled with distilled paraffin (Boiling 
point 210°). 

In order to reduce thermal currents, the points F, where the platinum 
was connected to copper wire, were made so that they were in the constant 
temperature zone . 

. The insulation resistance of the platinum thermometer was greater than 
109 Ohms, and the lag to 1/4000° was two mi:nutes. 

The resistance of the platinum thermometer was measured with a 
potentiometer, and was about 16.3 Ohms at 0°. 

The sensitivity of the electrical circuit was so adjusted that a variation of 
1.5 X 10-5 Q gave a deflection of the galvanometer of 0.1 mm on 
the scale. 

A greater accuracy of the electrical measurements could not be obtained. 
A series of readings, taken on different days, gave a resistance of 

16.28838 
39 
36 
36 

The vessel was then opened and refiIled with fresh gas-free 
distilled water. 

Two different readings gave 16.28839 
38 

giving a total mean of 16.28837 -t- 15 X 10-5, 
which is exactly the maximum reproducibility of the electrical measurements, 
and which corresponds to a constancy of the temperature of within 
2.3 X 10-4°. 

The two samples of water used were distiIled three times. A good 
criterion of the purity of the water could be obtained during the 
measurements from the ease with which the water could be supercooled. 

Both the samples of water used remained supercooled despite the 
reversing of the vessel and the rather violent movement during the removal 
of the freezing mixture. 

The influence of the solubility of silicates from the glass walls on the 
freezing point still remains to he investigated. 

No precautions were taken to choose a special glass, and ordinary 
laboratory glass was used, the vessel being weIl steamed out before fiIling. 

The solid residu es from the two samples of water used we re determined, 
and the authors are indebted to Prof. J. B. WIBAUT for his kindness in 
allowing these determinations to be made in his laboratory. 

The first sample gave a dry residue of 12.5 and the second of 8.4 milli
grams per litre. As the form in which these silicates were present was 
unknown, it is not possible to say how far the lowering of the freezing point 
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will be influenced, but, in the most unfavourable case, the lowering of the 
triple point must be much less than 1/1000°. 

Although the water used had remained sealed in glass for one year, it 
thus appears that the influence of dissolved silica is smal!. 

It will be necessary to repeat the determination with other kinds of glass 
that have a special resistance to the etching action of water, and with a 
platinum thermometer of still greater sensitivity. 

The influence of the degree of super~cooling on the readings of the 
thermometer must ~lso he investigated. 

An indication that such an influence may exist arose from the fact th at 
a third filling, in which the super cooling did not once go smoothly, gave a 
temperature difference of 1/1500 degrees. It is not impossible that this 
result was influenced by a slight impurity. 

As a result of the above, it appears desirabIe to make the triple point of 
water the fixed point of the temperature scale in place of the icepoint. 

In order to obtain an easier connection with the existing scale, it is 
suggested that the 0° Celsius point be defined as that point Zying 0.007° 
Zowel' than the triple point of water. 

From the course of the melting point curve of H 20, this will then be 
the temperature difference between the freezing and triple points. 



Mathematics. -- Linear Adjustment of a Set of Pairs of Numbers 
(Xko Yk). By Prof. M. J. VAN UVEN. (Communicated by Prof. A. 
A. NljLAND). 

(Communicated at the meeting of November 26, 1927). 

H, by some theoretical consideration, we assume a linear relation 
ax+ f3y + i' =0 between two variables x and y, the experiment however 
furnishing a set of n pairs (Xl' Yl)' (X2' Y2)' ... (Xn, Yn) not agreeing 
completely with the same linear relation, the values Xko yk (k = 1, ... n) 
obtained by experiment, and therefore subject to errors of observation, 
must be adjusted. 

We have in general no right to consider one of the variables as free 
from error. So both values Xk and yk must be "corrected". 

Speaking geometrically we have the problem: To fit a straight line 
L as closely as possible through n points Sk having coordinates 
Xko Yk (k = 1, ... n) given by experiment. 

As a rule no straight line exists, which passes exactly through all the 
given points Sk. Calling Tk for convenience sake the true position of 

~ ~ 

Sk, the displacement c5k =Sk Tk is the correction of Sh and Tk Sk =-c5k 
is the "error" of Sk. Generally both Xk and Yk must be corrected; that 
is to say: the displacements c5k will not in general coincide with the 
direct ion of any coordinate. 

We must also take into account the possibility that the x-coordinate 
has an uncertainty (mean error, weight) different from that of the Y
coordinate. Nor is a certain dependence between the error .6.x of X 
and the error .6.y of Y to be excluded; this dependence is revealed by 
the fact that the mean value of .6.Xk . .6.Yk differs from zero. 

We may consider the xy-plane as subject to elastic tensions, which 
perform a certain (negative) work by the displacement of a point. wh en ce 
a certain potential energy is produced. 

The plane not being isotropic, the elastic tension has its maximum 
and its minimum in two directions, perpendicular to each other. which 
need not coincide with the directions of the coordinate-axes. 

We shall treat the given problem on the most general supposition: 
viz. th at the plane is not isotropic, and that the main directions of 
elasticity form an angle (w) with the coordinate-axes. 

Each point Sk being shifted by a displacement c5k to a point Th 
situated on a certain straight lioe L, there wiU be produced a certain 
total amount V of potential energy. 

As the line L. best fitted through the points Sk. we shall consider 



1022 

that line Lo for which the total potential energy V takes its min i mum 
value. 

The angle between the axes of elasticity and the coordinate-axes 
being w, the coordinates x', y' of a point with respect to a system of 
coordinates having the same origin as the system x, y, and parallel to 
the axes of elasticity, are connected with x and y by 

x' = x cos w + y sin w, 

y' = - x sin w + y cos w. 

The modulus of elasticity (elastic force in displacing a pqint over the 
distance 1) in the main direction x' being p, in the main direction 
y' Q, a displacement in the direction which makes the angle C' with 
the positive axis of x', generates an elastic force Q; the components of 
which are 

Ex' = - P cos C' Eg' =-QsinC' (1) 

Fig. I. 

This force is balanced by the force attracting the point perpendi
cularly to L. This latter force having the components + P cos C', 
+ Q sin C', the direction (j' of the normal of L is connected with the 
direction C' by the relation 

Eg' _ (j' _ Q sin C' 
E-- tg -p- rl' 

x' cos" 
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or 

sin " P sin 8 ' 
cos t ' - Q cos -ij" 

thus 

cos " = , Q cos 8 ' . 
V p2 sin 2 IJ ' + Q2 cos2 8 ' 

. . , P sin 8' (2) 
sm e; = V . 

p2 sin2 fJ ' + Q2 cos2 fJ ' 

The angle ,,- 8 ' between the directions of displacement and force 
is determined by 

(r' _ fJ') _ Q cos2 0' + P sin2 fJ ' 
cos., - V . 

p2 sin2 8 ' + Q2 cos2 fJ' 
(3) 

So the component of the elastic force in displacing the point over 
the distance 1 in the direction " (i.e. in the direction from Sk to Tk) 
amounts to 

E E r'+E' r' (P 2 ' Q' 2 r' ) PQ
2
cos

2
fJ' +QP2 sin

2
fJ ' 

ç' = x' cos., y' sm., = - cos I; + sm., = - p2 . 2 LJ ' + Q2 2 fJ'" sm u cos 
or 

P sin2 fJ' + Q cos2 fJ' 
Eç' = - PQ 'p2 . 2 fJ' + Q2 2 LJ' sm cos u 

(4) 

Hence the displacement () k (in the direction t;') generates a force. the 
component of which in the direction 1;' (i. e. in the direction from 
Sk to Tk ) is 

E ;, . eh. 

By displacing Sk gradually to Tk on L. this component performs the 
work : 

Jk 

JE~,. ~ . d~ = t E~, . ~k2 
o 

The perpendicular distance À,k from Sk to L being 

À,k = ~k cos (I;' - fJ'). 
we have 

~k = À,k = Î.
k 

. V p2 sin2 fJ ' + Q2 cos2 fJ' 
cos (I;' - 8') P sin2 fJ' + Q cos2 fJ ' 

From (4) and (6) follows that the work performed (5) amounts to 

2 _ PQ P sin2 fJ' + Qcos2 fJ ' p2 sin2 fJ' + Q 2
COS

2 fJ' 2 
t E~,. ~k -- - 2 . p2sin2fJ' +Q2cos2fJ' X (Psin20' + Qcos2fJ')2 X À,k 

PQ À,k2 

- 2-' P sin2 8' + Q cos2 fI " 

66 
Proccedings Royal Acad. Amsterdam. Vol. XXX. 

(5) 

(6) 
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Denoting by [] the summation over k from 1 to n, we find for all 
the points Sk together: 

2 _ PQ (À'k
2

] 
tE~I.[Ók ]-- 2- Psin2()' +Qeos2 (}' . (7) 

So the potential energy produeed is 

_ 2 _ PQ [lk2] 
V- - t E~, . [Ók ] - + -2- ' P sin2 ()' +Qeos2(}" . (8) 

[Ak 2] -
or, denoting the mean value - of Ak2 by Ak2

, 
n 

V = nPQ . f,;2 . 
2 P sin2 ()' + Q eos2 ()' 

(9) 

Introducing the perpendicular distanee I from 0 to L, we find: 

Ak = x\. cos ()' + ylk sin ()' - I, 
therefore 

V = nPQ . (x' k cos {j' ;- y' k sin (}'--; W. 
2 P sin2 (} + Q eos2 (} 

Passing to the original system of eoordinates x, y, we have 

(}' = (} - w, 

x\ cos (}' + y\ sin (}' = Xk cos () + yk sin (}, 

P sin2 (}' + Q eos2(}' = P sin2 ((}-w) + Q eos2 ((}-w) 

= (P sin2 w + Q eos2 w) eos2 (} + 

. (10) 

+ 2 (-P + Q) sin w cos w cos (} sin (} + 

Putting 

we find: 

+ (P eos2 w + Q sin2 w) sin2 (}. 

a = P sin2 w + Q cos2 
W, ( 

b = (- P + Q) sin w cos w, \ 

c = P eos2 w + Q sin2 w, ) 

. (11) 

P sin2 {j' + Q eos2 (}' = a eos2 (} + 2 b cos (} sin (} + c sin2 fj = f ((}). (12) 

Henee the potential energy V is 

V = nPQ X Ak2 = nPQ X (xk cos (} + Yk sin (}-:-I)2 (13) 
2 f((}) 2 a eos1 

(} + 2 b cos {j sin (} + c sin2 {j 

The forces are in balanee if V is a minimum, thus if 

2V _ _ Ak 2 _ (Xk cos () + yk sin (}-l)2 .. 
PQ - q; ((}, f) - f((}-) - 2 (} + 2 b (}. (} + . 2 (} mlmmum.(14) n a cos . cos sm c sm 

Putting 
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and 
.-

Xk = X + Uk. Yk = Y + Vk • 
whence 

U= o. v=O. 
we find: 

(Xk COS 8 + Yk sin 8 - W = l(x cos 8 + Y sin 8-/) + (Uk cos 8 + Vk sin 8W 

= (x cos 8 + Y sin 8-~2 + 2 (; cos 8 + Y sin 8-/) (u cos 8+-;:; sin fJ) + 
+ (uu cos2 8+2 uv cos fJ sin 8 + vv sin2 8). 

Taking into account U = O. v = O. and putting: 

uu=A. uv=B. vv = C . · (15) 

we arrive at 

(Xk cos 8 + yk sin 8-1)2 = (x cos 8 + Y sin 8-l)2 + ~ (16) 

+ (A cos2 8 + 2 B cos 8 sin 8 + C sin2 8). ~ 

Sa the condition (14) runs: 

(
Ll 1)-(xcos8+y sin8-l)2+(A cos28+ 2B cos fJsin8+C sin28) .. (17) cp 0 --~ .. mInImum 

. a cos2 8 + 2 b cos 8 sin 8 + c sin2 8 

or 

The condition of minimum ~~ = 0 furnishes 

dcp _ - 2 (x cos 8 + y sin 8 - I) - 0 
d/- f(8) - • 

x cos 8 + y sin 8 - 1= 0; . . . (18) 

that \S ta say: the line L required must pass through the "mean point" (x. y) . 
Th condition (17) asks naw 

(8) A cos2 8 + 2 B cos fJ sin 8 + C sin2 8 .. 
cp = a cos2 8 + 2 b cos 8 sin 8 + csin2 8 mInImum. · (19) 

or. putting 

A cas2 8 + 2 B cos 8 sin 8 + C sin2 8 = F (1'1). (20) 

F (fJ) .. 
cp (fJ) = f (8) mln I mum . ( 19') 

Pram (19) (or (19')) we take the value of 8 which minimizes cp (8); 
denoting this solution by fJo• and the value of I required. by 10' we 
have. on account of (18). 

Pram 

10 = x cos 8 0 + Y sin 8 0 

- [Uk2] 
A=uu= -- . 

n 
B = uv = [Uk Vk] 

n 

· (21) 

66* 
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follows 

A> ° and AC _ B2 = [Uk
2
] [Vk

2
] ~ [Uk vkF = [(Uk VI -2 UI Vk)2] > 0. 
n n 

Likewise, from (11) ensues: 

a > ° and ac - b2 = PQ > 0. 

So both the forms F(B) and ((B) are positive definite. 

Hence the present minimumproblem: ~(~) min. is formally equivalent 

to determining the direction of minimum curvature at an elliptic point 
of a surface. 

Putting: 

tg t) = z, ; 

A + 2 Bz + CZ2 = G (z), ( 

a + 2 bz + cz2 = 9 (z), ) 

. (22) 

we find 

m (Ll) = (z) =A + 2 Bz + CZ2 = G(z) (23) 
't' u tp a + 2 bz + cz 2 g(z) . . . . 

Now we have 

dtp 
dz 

dG Gdg 
9 dz - dz 

dg 
9 dz 

dG G -
dz 

2 ' a + bz, b + cz I 
= g2 I A + Bz, B + Cz i' 

2 a + 2 bz + cz2, b + cz ; 
-2 ; i 

9 i A + 2 Bz + CZ2, B + Cz : 

So the value Zo which minimizes tp (z), is one of the roots of the 
equation 

or 

I a + bz, b + cz 1. 
-0, 

I A + Bz, B + Cz i 
(24) 

(aB - bA) - (cA - aC) z + (bC - cB) Z2 = 0, (24') 
for which we, putting 

can write 

bC-cB=a Î 
cA -aC=j3 ( 
aB -bA= l' ) 

. . . . . . . (25) 

az2 - j3z + " = 0. . . . . . . . (24") 

The corresponding value of tp is 

tp (zo) = tpo = Q(zo) = Go = (A + Bzo) + (B + CZo) zo, 
g(zo) go . (a + bzo) + (b + cZo) Zo 
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or, by (24), 

Hence 

A + Bzo B + Czo 
1iJo = a + bzo b + cZo 

_ atpo -A 
zO--b B -

1iJo -

. . . . . (25) 

. . . . . (26) 

sa that lfJo is a root of the equation 

I 

a1j/ - A , bliJ - B ' 
1= 0, . 

blfJ - B , Cljl - C ! 
(27) 

or 
(ac - b2) lfJ2 - (aC - 2 bB + cA) lfJ + (AC - B2) = 0, . (27') 

or, putting for abbreviation 's sake 

ac - b2 = S , AC - B2 = S , aC - 2 bB + cA = (J,. (28a) 

s . lfJ2 - (J • lfJ + S = 0 

From s > 0, S > 0, a > 0, A > 0 follows 

b < V ac , B < V AC , th us bB < V ac AC, 

therefore 

(27") 

a=aC- 2 bB + cA = (VaC- V cA)2 +2 (Vac AC- bB) > O. 

The solution of (27"): 

requires an investigation of the eliminant of g (z) and G (z) : 

R = a2 - 4 sS = (aC - 2 bB + cA)2 - 4 (ac - b2) (AC - B2) ~ 
= (cA - aCF - 4 (bC - cB) (aB - bA) \ (28b) 

= fJ2 - 4 al'. J 

R = a2 - 4 sS= I(V aC - V cA)2+ 2 (Va~AC -bB)12 -4 (ac-b2) (AC-B2) 

= (V aC-V cA)1 + 4 (I/~t - V cA)2 (l / acAC - bB) + 

+ 1: (ac AC - 2bB V acAC + b2B2 - ac AC + b2 AC + B2ac-b2B2) 

= (V~C - V CA)1 + 4 (V aC - V CA)2 (V ac AC - bB) + 

+ 4 (b V AC - B V ac)2 > O. 

Hence the roots of (27") are rea!. 
Obviously the minimum value lfJo of lfJ is the inferior root of (27"), 

thus: 

(J- Vi? 
lfJo = ~--- . . . . . . . . . (29) 
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The corresponding value Zo of z is that root of (24") which answers 
to 1/l0; it follows also from (26): 

- ac 1/l0 + cA - b21/l0 + bB 
Zo== == 

cb 'Po - cB bc 1/l0 - bC 
- (ac - b2) 1/l0 + (cA - bBl 

bC-cB 

_ - 2 s 1/l0 + 2 (cA - bBl - a + v'J?" + 2 (cA - bB)_ 
2a 2a 

- cA + 2 bB - aC + 2 cA - 2 bB + VI? 
or 2a 

,B+VR 
Zo == 2a . (30) 

Hence the value of z required is. with the definitions for a. ,B and y 

given in (25). the root of (24/1) having the positive root of R. 
The angle (jo required is th ere fa re determined by 

(j == ,B + VR _ (cA - aC) + V(cA -aCj2 - 4 (bC-cB) (aB - bA) (30') 
tg 0 2 a - 2 (bC - cB) . 

Sa the angle (jo is known. all but 1800
; we must choose that value 

of (jo. which. being substituted in (21). makes 10 positive. 

In the formuIa (30') f?r (jo the coefficients a. b. c. being functions of 
P. Q and w. are given a priori. th us independent of the result of the 
experiment. which furnishes the pairs of numbers (Xh Yk) (k == 1 •... nl. 
On the contrary the magnitudes A. B. Care really dependent of this 
result; sa are the magnitudes X. y appearing in the formuIa (21) for 10' 
Repeating the proof. we can expect other values of A. B. C. X. y. 

The values of (j and 1 obtained in (30') and (21) by taking the average. 
furnish Lo as the .. apparent line" (apparently true line). on which the 
points Sk ought to lie. According to usage. we shall eaU the deviations 
of the points Sk from this line: the apparent errors (residuals) of 
the position of Sk. Tk being the point on Lo corresponding to Sk. 
~ 

Tk Sk == - Ok is the apparent error of Sh as to amount and as to 
direction. 

Denoting the coordinates of Tk by X h Y k • we have 

X k cos (jo + Y k sin (jo - 10 == o. 
The residuals of the coordinates of Sk being 

Xk - X k == ~k • yk - Yk == '7k. (31) 

and the coordinates of Sk satisfying 

Xk cos (jo + Yk sin (jo -10 = À.h 

we find: 
~k cos (jo + 'Ik sin (jo = À-k • (32) 

Passing to the system of coordinates of the main directions of elas-
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ticity (x/. y/). the residuals ~/. r/ of the coordinates of this system are 
connected to ~,1'} by 

/ / 1 ~=~ cosw-1'} sinw.~ 

17 = Ç' sin w + 1/ cos W. ~ • 
(33) 

As the moduli of elasticity Pand Q (cf. (8) ) play the part of "weights". 
Pand Q are inversely proportional to the squares of the mean errors 

of x/ and y/. hence to the mean squares ~/2 and 1'}/2 of ~/ and 1'}/ resp.; 

moreover Ç' 1/ = o. Ç' and 17/ being measured along the main directions 
of elasticity . 

So we have 
P. ~/2 = Q. 17/2• ~/1'}/ = O. (34) 

whence 

~/2=eQ. 1'}/2=eP. ~/17/=O; (34/) 

wh ere e is a factor of proportionality to be determined afterwards. 
Fram (33) follows 

~2 = ~/2 cos2 W - 2 ~/1'}/ sin w cos w + ---;;;'2 sin2 w =e (Q cos2 w + P sin2 w), 

~17_Ç'2 sin w cos w+Ç'1'}' {cOS2 w-sin2 W)_1'}/2 sin w cos w=e(Q-P)sinwcosw. 

1'}2 = ~/2 sin2 w + 2 Ç'1'}/ sin w cos w + 1'}/2 cos2 W = e (Q sin2 w + P cos2 w), 

hence. on account of (11): 

[ï = e a, ~ 1'} = (] b, 1'}2 = (] c. . 

By taking the mean squares of both sides of (32) we find 

[ï cos2 80 + 2 ~1'} cos 80 sin 80 + 1)2 sin2 80 = ,p, 

thus. by (35). 

e (a cos2 80 + 2 b cos 80 sin 80 + c sin2 ( 0) =.F, 

whence. on account of (12) and of (14). 

(] [(80) = (J..2)0 = ero. [(80); 

therefore 

and 

e = ero a. ~1'} = ero b. 1'}2 = ero c. 

ero = 1/10 being determined by (29). 

(35) 

(36) 

(37) 

In this way the mean squares and the mean product of the residuals 
are found. 

Denoting the true errors of Xk. yk. Uk. Uk. X. Y, etc. by L xk. L yk. etc., 
the formula 

- Xt+X2+,,,+Xk+ ... +Xn -Xt-X2-··.+(n-l)xk-... - Xn 
U/r-Xk- X=Xk- = ---

n n 
gives 
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Likewise 
/\ _ -/"., Yl- /"., Y2- .. +(n-I) /".,Yk-· · -/".,Yn 

U Vk- . 
n 

The errors of A = llw 1. B = llw]. C = [~~ are: 
n n n 

6 A = ~ [u /"., u], /"., B = l l[v/".,u] + [u /"., v]!, 6 C = ~[vL'w]. 
n n n 

In determining the mean error of a function of A. Band C. we have 
to do with the mean values of D A2, /"., A /"., B. /"., A /"., C, /".,B2. /"., B /"., C, 
/"., C2. thus with the mean va lues of the squares and produets built up 
out of [u /"., u]. [v /"., u]. [u /"., v]. [v /"., v] . 

In computing the mean value of [u /"., uF for instanee. we meet with 
two sums. viz . : [Uk Uk . /"., Uk /"., Uk] and [[ Uk UI . /".,Uk /"., UI ]]. wh ere [[ ]] 
designates a summation of the n (n-l Herm~ wherein I * k. 

The errors /".,Uk> D Vk being supposed independent of the very Uk> Vk> 
the mean value of [Uk Uk . /"., Uk /"., Uk ]. represented by M ([Uk Uk . /"., Uk /"., Uk ]). 
may be written : 

M ([Uk Uk . /"., Uk /".,Uk ]) = M ([Uk Uk ]) X M (/"., Uk /"., Uk ); 
likewise 

M ([[Uk UI . /"., Uk /"., UI ]]) = M ([[U k UI ]]) X M (/"., Uk /"., UI ). 
Now 

[ 11 k 11k ] = nA. [11 k r = [ Uk Uk ] + [[ Uk UI ]] = O. thus [[ Uk UI ]] = - nA. 
likewise 
[ Uk Vk ] = nB. [Uk ] [ Vk ] = [ Uk Vk ]+[[ Uk VI ]] = O. th us [[Uk VI ]] = - nB, 

[ Vk Vk ] = nCo [Vk F = [ Vk Vk ] + [[ Vk VI ]] = O. thus [[ Vk VI ]] = - nC. 

Moreover : 

/\ _ (n - I) /"., xl -/".,X2- /"., X3-·· -/".,Xn t 
/--,> Ul - • 

n 
/\ _ - 6 x, + (n-l) D X2 - /"., X3 - .. - /"., Xn ) .. 

U U2-
n 

. . (38c) 

wh en ce 
1 

6 u, .6u,= 21 + (n-1)2 /"., X,2 + /"., x/ + /".,x/ + .. + /"., xn2 + [[ Pkl /"., Xk /".,Xa] ! 
n 

/"., U, /"., U2= l2 !-(n- l ).6x,2- (n-l) l'2 xl+/".,xl+ ··+/".,Xn 2 + [[qk l/".,Xk /"., Xlm. 
n 

Now we have 

M (/"., XI2) = M( /"., x/) = .. =M(/"., xn2) = M( /"., X2). M (/"., Xk D XI) = 0 (for 1* kl. 
therefore 

1 n-l 
M(6 u, 6 ud = -2 1 (n-1)2 M(D X,2) + (n-l) M(D X2)! =--M(DX2), 

n n 
1 

M( /"., U, D U2) = 2 1- (n-l)M( D x,2)-(n-l)M(D xl)+ (n-2)M(DX2H= 
n 

= -lM(/".,x2). 
n 
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Hence: 

n-l 1 
M ( f.:.Uk f.:.Uk ) = - M (f.:.x2), M (f.:.Uk f.:.UI) = - - M (6 x 2). 

n n 
Likewise: 

n-l 1 
M ( 6Uk f.:.Vk ) = --~ M (6xf.:.y), M (f.:.Uk 6VI) = - - M (6x 6y), 

n n 

n-l 1 
M (f.:.Vk 6Vk) = - M( 6y2), M ( 6Vk f.:.vd = - -M (6y2). 

n n 

So we arrive at 

M ([uf.:.uF) = M ([ Uk Uk . ,6,Uk f.:. Uk ] + [[Uk UI. 6 Uk f.:.UI]]) = 

= M ([Uk Uk ] ) . M (6Uk 6Uk ) + M ( [[ Uk UI]]) . M ( f.:.Uk 6Ul) 

n-l 1 
= nM (A) . - - M (6x2) - nM (A) X -- M (6 x2) = 

n . n 
= nM (A) . M (6x2). 

Likewise: 

M ( [u6u] [u6v] ) = nM (A) . M (f.:.x6 y), 

M ([uf.:.vF) = nM (A). M (f.:.y2), 

M ([u f.:. u] [v 6 u]) = n M (B) . M (6 x2), 

M ([u 6 u] [v 6 v]) = M ([u f.:. v] [v f.:. u]) = n M (B). M (f.:. x 6 y), 

M ([u ,6, v] [vf.:.v]) = n M (B) . M (6 y2) , 

M ([v f.:. uF) = n M (C) . M (f.:. x 2), 

M ([v f.:. u] [v f.:. v]) = n M (C) . M (6x f.:.y), 

M ([v f.:. vF) = n M (C) . M (f.:. y2). 

By means of these formulae we find 

M(6 A2)= 42 M([u 6 uF) = i M(A). M (6 x2), 
n n 

2 
M (6 A . 6 B) = 2 M ([u 6 u] I[ v 6 u] + [u f.:. v]l ) = 

n 

= ~ IM(B) . M(6 x2) + M (A). M(6x 6 y)l, 
n 

4 4 
M (6 A f.:. C) = 2 M ([u 6 u] [v f.:. v]) = - M (B) . M (6 x 6 y), 

n n 

1 
M(f.:. B2) = 2 M(I [v 6 u] + [u 6vJl2)= 

n 

= ~ IM (C). M (6 x2) + 2 M (B) . M (f.:.x 6y) + M (A). M(f.:.y2) I, 
n 

2 
M (f.:. B f.:. C) = 2 M (I [v 6 u) + [u f.:. vJl [v f.:. v]) = 

n 
2 = - IM(C) . M(6x 6y) + M(B).M(6 y2)I, 
n 

M(6 C2)= '\ M([v 6 v]2)= i M(C) . M(6 y2). 
n n 
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As the present problem of adjustment deals with two unknowns 
((J and 1). so that there is only question of. adjustment if n > 2. the 
formula for the square of the mean true error runs: 

W] nf2 n 
E 2 (x) = M (,6, x

2
) = ;-_ 2 = ~ _ 2 = n = -i ({Jo a. I 

Likewise: 

[~l)] n ~l}~ n 
M(,6,x ,6,Y) =-n -_-2=-n_-2=~ =-2({Job. \ 

2 2 [1}2] n -;;2 n 
E (y) = M (,6, y ) =;----=-2 = n--- 2=~ ~-2 ({Jo c. 

(39) 

Replacing moreover the values M(A). M (B). M (C). essentially un
known. by the values A. B. C actually found. we obtain 

4 ({Jo 
= ~---- .aA. 

n-2 

M(,6,A ,6,B) = n
2 

({J°2 . (aB + bA). 

M(,6,A,6,C) = n
4

({J°2' bB. 

= _ ({Jo _ . (aC + 2 bB + cA). 
n-2 

M(,6,B,6,C) = n
2 

({J°2 . (bC + cB). 

=~({J°2' cc. 
n-

(40) 1) 

As (Jo = arc tg Zo. by (24"). is a function of a. (3 and y. the mean error 
of (Jo (and of zo) will be built up out of the means 

M (,6, a ,6, (3). . .. etc. 

We have 

,6,a = b,6,C - c,6,B. ,6,fI = c,6,A - a,6,C. ,6,y = a,6,B - b,6,A. 

thus: 

1) The formulae (40) differ from the formulae M ("' A2) = ~~:. M ("' A '" B) = ~~~, 
M(-" AL'> C) = 2 B2, M(6 B2) = B2 +A.f. M(b B b C) = 2 BC, M(-" 0) = 2 0. valid in the 

n-l n-l n-l n-l 
case of linear c~rrelation between i and y. In the case of correlation between x and y 

the deviatlons Uk andvk of x k and Yk from ---;; and iJ are considered as accidental errors. 

In the present case however the coordinates x k and Yk are yet considered as free from 

error. provided the point Sk he situated on La. 
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M (.6a 2) = b2 M (.6C2) - 2bc M (.6B .6C) + C2 M (.6B2) 

= n <P°2!b2
• 4cC - 2 bc. 2 (bC + eB) + c2 (aC + 2 bB + cA)! = 

=f{JrJ_ c2 (aC - 2 bB + cA). 
n-2 

M(.6a .6fJ)= bcM(.6A.6C) -c2M(.6A.6B) - abM(.6C) + acM(.6B.6C) 

= ~~2!bc. 4bB-c2
• 2(aB+bA)-ab. 4cC+ac . 2 (bC+cB)! = 

n-

- 2cpo = --- bc (aC - 2 bB + cA). 
n-2 

M(.6a .6y)=abM(.6B .6C)-b2M(.6A .6C)-acM(.6B2)+ bcM(.6A .6B) 

= n <Po 2!ab.2(bC+cB)-b2.4bB-ac(aC+2bB+cA)+bc.2(aB+bA)!= 

= n <Po :i (2 b2 - ac) (aC - 2 bB + cA). 

M (.6fJ2) = c2M (.6A 2) - 2 acM (.6A .6C) + a2M (.6C2) 

= n <Po 2 Ic2.4aA-2ac. 4bB+a2.4cCl=n4<P°2 ac (aC -2bB+cA). 

M(.6fJ .6y)= acM(.6A .6B)-bcM(.6A2)-a2M(.6B .6C) +abM(.6A .6C) 

= n <p0:2 lac.2(aB+bA)-bc.4aA-a2.2(bC+cB)+ab.4bBI= 

= - 2<P2° Bb (aC - 2 bB + cA). 
n-

M (.6y2) = a 2 M (.6B2) - 2 ab M (.6A .6B) + b2 M (.6A 2) 

= n <Po 2 la2 (aC + 2 bB + cA) - 2 ab. 2 (aB + bA) + b2. 4 aAl = 

= ~ a 2 (aC - 2 bB + cA). 
n-2 

or. on account of (28a). 

M (.6fJ2) = '1 <poG . ac. 
n-2 

M (.6a .6y) = n <poG 2 . (2 b2 - ac). 

/\ /\ - 2<po G 
M (ufJuy) = ---;.;-_ 2 . ab, 

(41) 
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Taking Zo as central value. we derive from (24"): 

2 azo 6 zo - (3D zo + z02D a - ZoD r + D ;J = 0 
or 

. • . (42) 

whence 

(2 azo - fJ)~ M (6 z02) = Zo 4 M (6a~) - 2 Z03 M (6 a. 6 (3) + 
+ 2 zo~ M (6 a 6 1') + zo~ M (6IP) - 2 Zo M (6 fJ 6 y) + M (61'2) 

Now 
(2 azc - (3)2 = 4 a (az02 - (ho + y) + (lP - 4 ay). 

or. Zo being a root of (24"). and by (28 b). 

(2 azo - fJ)~ = R. 

Substituting for M (6a2) etc. the values found in (41). we obtain 

R. M (6z02) = -~oo2Iz04 . c2 - 2 Z03 . - 2 be + 2 Z02. (2 b2 - ac) + 
n-

+ Z02 . 4 ac - 2 Zo . - 2 ab + a 21 

or. by (22) and (23). 

M (6 2 - 'PoO I ( 12 _ o'Pog0
2 

_ ogoGo 
zo) - ("-2) R l g zo) - (n-2) Ii - (n-2)R· 

We have further for the true error of (Jo: 

6 (Jo = 1 ~!:;02' 
thus 

M (/::'(J 2) _ M (/::'Z02) _ 0'Po ( go )2_ 
o - (1+Z02)2 - (n-2) R 1+;;Z -

= __ O'Po_(a + 2 btg (Jo + ctg
2 

(JO)2 = 
(n- 2)R sec2 {jo 

= (ii" o~) R (a cos2 (Jo + 2 b cos (Jo sin (Jo + c sin2 (JO)2 = 
_ °'Po I 2 _ a fo Fo 
- (n-2") R I f((Jo) - (n-2) R· 

So the square of the mean true error E ((Jo) of (Jo is 

. . . . (43) 

The mean error of 10 is to be derived from 

6 10= /::, x. cos (Jo + /::'y. sin (Jo + (- x sin 8 0 + Y cos (Jo) /::, (Jo· 
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Here we have (see (42)) 

6 8 - _ 6 z.il _ _ _ Z o 
2 6 a - Z o 6 fl + 6 " _ 

0 - l + z02 - (I + z02) (2 azo - (3) -

Z02 (b6 C - c6 B) - zo(c6 A-a6 C)+ (a6 B-b6 A) 
- -- - (I + Z02) (2azo- fl ) 

= À 6 A + ,u 6 B + J' 6 C. 

So we obtain: 
, - 2 --- - , 

M (6 l02)= cos2{jo· ~2 (6 x )+~ cos (jo ~n 80 , M (6 x6 y) + _ I 
+ sin2 80 . M(6~_) + 2 (-xsin{j~+ycos{jo) ~os(jo . M(6 x6 {jo)+ ( 

+ sin {jo . M (6 y 6 (jo) ! + (- x sin 80 + y cos 80)2 M (6 80
2
). ) 

Now from 

ensues 

hence. by (39). 

(44) 

M (6~2) =YJl~ , M (6 x 6 y) = .!Eo_~ . M (6 y2) = !E.o~ (45) 
n-2 n-2 n-2 

Moreover: 

likewise: 

Now 

- 2 2 
M (6 x6 A) = '2 M ([6 x] [u6 u]) = 2 M ([uk6 uk6xk] + [[UkD.Uk6x,]]) 

n n 

2 
= '2! M ([Uk]) M (6 Uk6xk) + M [[Uk]] M (6 Uk6x,)!. 

n 

As however [Uk] = O. also M ( [Uk] ) = 0; therefore: 

M (D.x. 6 A)=O; 
likewise 

M (6 x -. 6 B) = 0. M (6~. 6 C)=0. M (6 Y. D. A)=O. 

M(&g. 6 B)=O. M(6Y. 6 C)=O. 
whence 

M (S~ . D,{)o) = o. M (6 y . 6 80) = o. . . . '. (46) 
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In virtue of (44), (45), (46) and (43), we find at last for M (6/02) = E 2 (10) : 

E2 (10) = -;;CPo 2 1 acos2 8 0 + 2 bcos80 sin 8 0 + csin2 8 1+ 

- - 1 a 
+ (- xsin 80 + IJ cos 80)2. n-2' R fo Fo 

_ CPofo (- 2 -2 2 1 a /: F 
---2+ x +IJ -lo )'--2'R'IO 0' n- n-

or 

. (47) 

-2 - 2 
Here x + IJ - 10 2 represents the square of the projection p of the 

radius vector of the "mean point" (x,!i) on the line Lo. 

Fig. 2. 

Hence 

E2 (I ) - _ F 0 l 1 + 2 ~ f: I 
o - n-2 I p RIO l . (47 /) 

Moreover we have, in virtue of (46), 

M (6 10 6 80) = (- x: sin (jo + ii cos 80) M (6 80
2

) = , 

=n 1 2' ~.foFo.(-Xosin80+Ycos80)~ . (48) 

If th ere is occasion to consider the different "observed points" 
Sk (Xh Ijk) unequally certain, we can assign to each point Sk a 

weight gk ~ Then we operate with u' k = Uk i/~, v' k = Vk V gk and with 

A'- [gk Uk Uk] _ -- - B'- [gk Uk Vk] _ -- C' _ [gk Vk Vk]_ -. the -----guu' ~---- -guv, _---_gvv m 
n n n 

same manner as we have operated above with Uk. Vk, A, Band C. 

Summarising the results obtained above, we can say that the most 
probable line Lo 

x cos 8 0 + IJ sin 8 0 -10 = 0 

is determined by (30 /) and (21), thus by 

t 
Ll _,B + VR 

9 Uo - 2a 10 = x cos 8 0 + IJ sin 80 > 0, 
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the mean errors of (Jo and la being determined by (43) and (47'). thus by . 
P (tlo) = n 1 2' ~ . fa Fa . E2 (10) = nFo 2 ~ 1 + p2 . ~ . fo ( 

where 

a = bC - eB. fJ = cA - aC . l' = aB - bA , a = aC - 2 bB + cA. 
R = {F- 4 al' = (aC - 2 bB + cA)~ - 4 (ac- b2

) (AC -B2
), 

fo = a cos2 (Jo + 2 b cos (Jo sin (Jo + c sin2 (Jo . Fo = A cos2 (Jo + 
+ 2 B cos (Jo sin (Jo + C sin2 (Jo. 

Particular cases. 
I. The axes of coordinates coincide with the main axes of elasticity. 

Here we have cv = 0, thus a = Q. b = O. c = P. whence 

a=-PB . {J=PA-QC • l'=QB , a=PA+QC. 

R = (PA - QCF + 4 PQB 2= (PA + QCf - 4 PQ (AC - B2). 

fo = Q cos2 (Jo + P sin2 (Jo. 

M (6x6y) = o. so the errors of x and y are independent of each other. 

11. The plane is isotropic. or. what comes to the same thing: x and y 
are equally uncertain. 

Then we have P = Q = 1. so that a = c = 1. b = O. whence 

a = - B . {J = A - C . r = B . a = A + C. 
R = (A - C)2 + 4 B~ = (A + C)2 - 4 (AC - B2). 

fa = 1. 

Therefore 

A - C + V(A - C)2 + 4 B2 C - A - V(C - A)2 + 4 B2 
tg (Jo = _ 2 B = 2 B ; 

. 2B C-A -2B 
tg 2 (Jo = A _ C . cos 2 (Jo = Vn . sin 2 (Jo = Vn ; 

E~((J)- 1 (A + C)Fo 
o -n-2'(A+C)~-4(AC-B2)' 

P(l)-~O_~I+ 2 A+C ~. 
o - n - 2 ( p. V (A + CV - 4 (A C - B2) ) • 

F _A+C+A-C 2(J +B . 2(J _A+C-V(A+C)2_4(AC-B2) I) 
o - 2 2 cos 0 sm 0- 2 . 

I) The formula for tg tlo (and tg 2t10) is the same as in the case of linear correlation 
bet ween the variables xk' Yk' The expression for the mean error of tlo however is different 
(see the footnote on page 1032). 
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. P 
lIl. x is perfectly certam : Q = 00, or P = 1, Q = O. 

So we have a = b = 0, c = 1, whence 

a = - B, p= A, y = 0, 0= A, R =A2; fo = sin2 Bo. 

2A A 
tg Bo = _ 2B = - jj' or, what comes to the same thing: the direction 

f h }. L' B uv tangent 0 t e me 0 IS A = = . 
uu 

I) Here we have the same case as that of n observational equations mXk + h = Yk' where 
mand hare the unknowns. x k the known (and perfectly exact) coefficients, Yk the 
observations. The solution of the normal equations [xx] m + [x. 1] h = [xy], [x. 1] m + 

- --+ [1 X 1] h = [1 . y] ([1 X 1] = n) furnishes, af ter introducing uk = x k -x. IJk = Yk - Y, 
- 7r 

the same expression for m, viz. u"o. We also find for & = arc tg m ± -2 and I =h sin f) = 
uu 

+h 
= V - - the same mean errors as above. 

1 +m2 



Chemistry. - The lnfluence ot Pressure on the Reaction velocity, and the 
Function of the Medium. By A. L. TH. MOEsvELD and WILHELMA 
A. T. DE MEESTER. (Communicated by Prof. ERNST COHEN). 

(Communlcated at the meeting of September 24, 1927). 

1. The investigations on the influence of pressure on the reaction 
velocity 1) have taught th at such an effect does exist, but have not yet led 
to connect this influence with other factors, or to formulate a theory on 
this phenomenon. We only know that the effect may be positive as weIl 
as negative, and may be very different in magnitude for apparently not 
greatly divergent reactions and external conditions. Any prediction as to 
the effect to be expected in caseS which have not yet been investigated, has 
not been possible up to this time. We may indeed, from what was found, 
conclude th at the influence of pressure is not secondary, at least in the 
main, in other words th at the effects found are not the consequence of 
changes in viscosity or electrolytic dissociation degree by pressure, but that 
a more direct connection must exist between these and the reaction velocity. 
We are of opinion that now an endeavour may be made to draw up a 
theory on this influence of pressure, which theory is based on a more 
elaborate study about the function of the medium in reactions in solution. 
This theory has enabled us to give three predictions as to the connection 
of th is influence of pressure and a number of modifications of the 
circumstances in which the reaction takes place; these predictions are 
corroborated by experiments. We intend to return to these experiments, 
which are not quite completed, in a later paper. 

2. Before entering upon our subject one word more about the signific~ 
ance of this factor of pressure. It is weIl known that reaction velocities are 
very sensitive for most of the influences we can exercise. Change of 
temperature is very radical. but on this subject theory is already weIl 
advanced. It is different with the influence of the medium, which can be 
enormously great, and of which little can be said theoreticaIly. It is for this 

1) ERNST COHEN and R. B. DE BOER, Zeitschr. f. physik. Chemie 84, 41 (1913). 
ERNST COHEN and H. F. G. KAJSER, ibidem 89, 338 (1915). 
ERNST COHEN and A. M. VALETON, ibidem 92, 433 (1917). 
A. L. TH. MOESVELD, Verslagen Kon. Akad. v. Wet. Amsterdam, 31, 195 (1922); 

Zeitschr. f. physik. Chemie 103, 486 (1923). 
A. L. TH. MOESVELD, Verslagen Kon. Akad. v. Wet. Amsterdam, 32, 457 (1923); 

Zeitschr. f. physik. Chemie lOS, 455 (1923). 
For the older investigatlons see: ERNST COHEN und W. SCHUT, Piezochemie konden

sierter Systeme, Leipzig 1919, pag. 395. 

67 
Proceedings Royal Acad. Amsterdam. Vol. XXX. 
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reason that pressure as a variabIe has many advantages. This factor changes 
the reaction mixture but little. Temperature and medium remain as they 
were, only as a consequence of compression a slight change of concentration 
appears, which can be accurately computed. The change of viscosity and of 
some other factors can also be computed or estimated. When it appE'ars 
that in some cases pressure has a considerable influence, it is possible that 
we may find a cause which is responsible for this, but which has not yet 
been thought of, or of which it was not supposed that the effect would be 
so predominating. If we wish to find out if we are on the right track in 
admitting this cause, we shall have to make predictions from this point of 
view and test them with experiments. 

3. It has already been observed that a pretty clear idea may be formed 
of the influence of temperature in chemical reactions. Of great importance 
are in this case the "active" molecules, whose energy exceeds a certain 
"criticaI" value. In the first instance the distribution law of MAXWELL

BOL TZMANN dominates the distribution of energy, and the great change, 
with the temperature, of the number of molecules , which possesses more 
than a certain multiple of the mean energy at T goes parallel with the 
great influence of this temperature. 

The difficulties with the mechanism of activation which have not yet been 
solved need not be entered up on here. It is sufficient to consider the 
partition of energy in the case of those gasreactions which are not disturbed 
by homogeneous and heterogeneous catalysis, but the difficulties begin as 
soon as we turn to reactions in solution. Except the very peculiar case of 
the dissociation of nitrogen pentoxide (N 205), which in different media 
takes place with the same velocity as in the state of gas 1), we have always to 
do with homogeneous catalysis, therefore with the influence of the medium 
on the reaction velo city. Cases are known, in which a reaction in one medium 
takes place millions of times more quickly than in another medium at the same 
temperature. If we take into consideration that also in the state of solution 
the mean kinetic energy depends only on temperature, we must, in order to 
explain these divergent reaction velocities, try to find factors which can 
change the number of the molecules that continuously obtain more than 
the critica I energy, within wide limits at constant temperature. Neither can 
we call to aid the mechanism of activation, by supposing that the output of 
active molecules in different media is very variabIe, for the number of 
molecules in one and the same volume of different media and their 
magnitude lies within narrow limits, so that the number of colli si ons of 
these solvent molecules with those of the reacting substance (s) is likewise 
of the same order of magnitude. The mechanism of activation can, indeed, 
only play a part when it yields a number of activated molecules equal to 
the number of molecules that dissociate, but notwhen the activation of a 
molecule has a finite duration, which is generally terminated by reactivation 

I) R. H. LUECK, J. Amer . Chem. Soc: . oH, 757 (1922). 
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instead of by chemical reaction. If radiation is responsible for the activation, 
this reasoning cannot be applied without further qualification, but the 
supposition, introduced below, leaves the mechanism of activation aside and 
retains its validity, wh at ever the mechanism of activa ti on may be. We must 
therefore ex amine the question how, at constant temperature, owing to the 
different medium, the number of activated D;lolecules of the reacting 
substance, can vary within wide limits. 

4. From the value of the specific heat of the molecules, consisting of 
more than two atoms, as weIl as from the structure of the absorption 
spectra, it has been found possible to penetrate farther into the structure 
of less simple molecules. For the literature 1) and a summary of the results 
we may refer to a monograph by V . HENRI, Structure des molécules, Paris 
1925. Besides the kinetic energy of the molecule as a whoIe, a molecule 
also possesses intra~molecular energy piled up in the vibrations and 
rotations of the separate atoms with respect to each other, and round 
definite axes 2). There is a law of distribution for the energy of a definite 
vibration or rotation of an atom, as weIl as for the kinetic energy; for a 
mean energy of not too smaIl a value we have the law of MAXWELL

BOL TZMANN. For a smaIl value, however, the distribution of energy may 
strongly diverge from it, since the energy of vibration and rota ti on changes 
in quanta. 

Now in pretty weIl every chemical reaction the decomposition of a 
linkage is a necessary stage, and this fa ct occurs when the amplitude of 
the pertinent vibration exceeds a certain critica I value, or when the rotation 
velocity has reached a certain limit. The linkage is broken when the atom 
or the atomgroup in the case of vibrational energy is, as it were, forced over 
the limit of rupture, or, in the case of rotational energy, is thrown out by 
centrifugal force. At a certain temperature the total energy has a certain 
value, and so is also given the fraction of the whole number of molecules 
for which the vibrational or rotational energy exceeds such a critica I amount 
(expressed in quanta) that ~issociation along this bond must ensue. IE 
therefore, owing to the influence of the medium, or the presence af a 
catalyst, the reaction velocity does not exclusively depend on the temper~ 
ature, it stands to reason to hold the medium or the catalyst responsible 
for an influence on the critica I amplitude or rotation velocity. That is to 
say: forces are exerted by the medium on the molecule which cause a 
change in the internal coherence of the atomgroups in this molecule. 

5. Such forces always exist, except in the case of a rarified gas. As 
soon as this rarified gas is compressed, and the molecules (all held to be of 
the same sort) approach each other, commonly the phenomena appear 

I) See also Chemical Reviews . , 189 (1927). 
2) We do not take into consideration the energy of electrons not present in their lowest 

orblts. 
67* 
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which find expression in the factor a from the equation of state of 
VAN DER WAALS; when the gas has become a liquid these attractions 
almast always become sa predominating th at universally the formation of 
double molecules and · larger complexes must be posited. If the molecules 
are not all of the same sart these farces can of course cause a much more 
radical result. Even if the diHerence in structure of the molecules is 
restricted to mirror isomerism, the formation of racemic compounds is 
already possible, while with greater differences the appearance of several 
compounds, as appears from the melting line, is not at all unusual. Usually 
the farces which the molecules (B) of a medium exercise on an alien 
molecule (A, the substance which takes part in a chemica I reaction) need 
not be of such a nature 1), that a compound AB can separate in the solid 
state, neither that we need admit the presence of loose complexes in the 
solution. But without doubt a molecule A is subjected to forces of the 
surrounding molecules B, and these farces are not directed on the centre 
of gravity of the molecule, but on certain atoms of the molecule. The 
consequence is that a modification takes place in the complex of points 
and farces which tag ether farm A, in other words: a deformation of the 
molecule takes place. 

6. Every medium must therefore be considered as a field of force, into 
which the molecules A are brought. This field of force virtually consists 
of the collective strayfields of the molecules B; these molecules exercise 
outside forces, even when they are chemically saturated. It is a matter of 
course that, on account of the thermal movement, other parts of molecules 
enter into each other' s fields of force, but among the infinite number of 
deformations, a certain definite one for every medium, is the most 
probable. This deformation governs the conduct of A as regards the 
rupture of a certain bond 2). 

For theeHect of such a deformation is precisely that for a certain bond 
in the molecule another number of quanta is necessary to reach the critical 
value. The atom or the group, united with the rest of the molecule by this 
bond, may have come, af ter the deformation, more or less within reach 
of the ot her atoms of the molecule. In this case more or fewer quanta are 
necessary than in the isolated molecule A in order to reach the critical 
amplitude, or in other words: at a certain temperature a greater or a 
smaller fraction of the molecules are in the critical state which is necessary 
to render areaction possible. 

7. In complete agreement with what is said ab ave is the behaviour 
of the compounds, which, by substitution, can more easily split oH an atom. 

1) The ever recurring heat and volume effects when mixing liqulds are consequences 
of these mutual forces. 

2) In order to expain catalysis BÖESEKEN has made use of the theory of dislocation 
of the bonds. For a summary of his theory see: Rec. 4S, 458 (1926) and 46, 574 (1927). 
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Acetic acid, dissolved in water, keeps the H atom of the carboxylgroup so 
securely bound, that for a certain molecule this H atom is not bound only 
for two or three procent of the time. Substitution in the CHs group, which 
is in the r position with respect to the H atom, above mentioned, may cause 
a tendency to dissociation during nearly all the time. By this substitution 
the forces which keep the H atom bound are much diminished, or the 
normal amplitude is much increased. Dissolving in different media has 
also great influence on the ease with which a molecule dissociates, therefore 
on the forces or amplitudes belonging to the bond of the molecule at 
that place 1). 

8. Let us inquire a little doser into the influence which the medium 
undergoes of the dissolved substance. The molecules of the medium are 
subjected to forces which are equal and opposite to those they exercise 
themselves. If we start from the pure medium we see that, apart from the 
bordering layers, there are everywhere present the same number of 
molecules per unit of volume. The presence of a dissolved substance always 
causes a change, and this in two different ways. Since, as a rule, the centre 
of gravity of positive and negative charges in the molecule does not 
coincide (the molecule will therefore generally have a dipole moment), 
the substance A will have a directing influence on the molecules of the 
solvent. But moreover, in the immediate neighbourhood of a molecule A, a 
greater or smaller quantity of molecules B will be present per unit of 
volume, depending on the nature of the forces between A and B, than in 
the medium at places farther removed from molecules A. It is hardly 
possible to define this precisely for a concrete case, in connection with 
the intricate actions that manifest themselves. As a rule the last effect 
will be slight. This cannot be the explanation of the very specific and very 
pronounced action of the medium which sometimes appears. But it is 
not our intention to give an explanation of th is ; for the moment we want 
only to study the effect which in the first place is responsible for the 
influence of pressure. The influence of the medium on the reaction 
velocity, which in some cases is very great, will not be dominated by the 
effects of orientation and change of concentration which generally appear, 
but by operating more strongly on the structure of the molecule, f.L by 
the formation of real complexes which can strongly effect the mutual 
di stances and amplitudes of the groups. Pressure, however, will have an 
influence on this complex, and this influence is connected with the effects 
above mentioned which now, by the complex itself, will be exercised on 
the medium. 

1) The alteratlon of the ratio keto-enol by dissolving in different media of f.i. acetyl
acetic ester shows the change of the preferenee for a certain structure by deformatlon, 
A sensitive reagent on deformation is also the optical rotation as a function of the solvent. 
to which LANDOLT referred long ago already (Das optische Drehungsvermögen, 2nd ed. 
Braunschweig 1898. p. 210). We shall revert to this subject again. 
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9. What can we expect when the medium contains two different sorts 
of molecules? Let us take a concrete example. and at the same time choose 
as solute one that possesses very definite properties. We shaIl take the 
very thoroughly investigatedexample of the saponification of bornyl 
acetate by alkali in an aqueous alcoholic solution. which can serve as the 
prototype of the whole series of ex am pIes which have previously been 
investigated. The case of bornyl acetate has been studied in different 
directions. in order to test the predictions based on the views which are 
developed here. but for the drawing up of these views the results of an 
investigation about the saponification of the aethylester of o-methoxy
cinrtamic acid in a mixture of water and alcohol 1) could be used. In both 
cases the solute (the ester) dissolves badly in water. and very weIl in 
alcohol. Moreover we can conceive these estermolecules to be constructed 
of two parts. which behave totaIly different in respect to the two 
constituents of the medium. In one case it is the bornylgroup which 
renders the molecule so sparingly soluble in water. in the other case it is 
the organic acid function. while the other halves are much less hostile to 
water. So when a molecule of bornyl acetate is present amidst water and 
alcoholmolecules. the preference which the bornylhalf of the molecule has 
for alcohol to w(j.ter shows itself by a change of concentration of the medium 
at the place where this half of the molecule is. as compared with the 
composition of the medium. not in the immediate neighbourhood of the 
bornylgroup. Just as molecules are directed in the interface of two 
immiscible solvents. by forces which are exerted on certain parts of the 
molecule. on the other hand the solute wiIl here cause a partial separation 
of water and alcohol in the solvent at the place of the bornylgroup. which 
therefore comes to a change of the relative quantities of the two components 
on one side of the molecule. with respect to the gross composition of the 
medium. We can also figure it in this way : 

In the solution there are forces between the bornylacetate molecules 
and the water and alcohol molecules. When too much water is present in 
the medium the bornylacetate molecules unite into drops; the addition of 
more alcohol impedes this process. The force between the bornylhalf of 
a molecule and a watermolecule differs totaIly from the former and an 
alcoholmolecule. so that watermolecules are repeIled from . and alcohol
molecules are attracted to the bornylhalf. A sufficient quantity of alcohol
molecules only. is able to prevent the bornylacetate molecules. flying the 
neighbourhood of watermolecules. from attracting each other so strongly 
that they unite into drops. The distribution of water and alcohol can be 
modified inverselyon the acetylhalf of the estermolecule. or be changed 
less strongly in the same sense. with regard to the condition of the medium. 
not in the immediate neighbourhood of the solute. Instead of a medium. 

I) A. L. TH. MOESVELD. Verslagen Kon. Akad. v. Wet. Amsterdam, 32, 457 (1923) ; 
Zeitschr. f. physik. Chemie 105, 455 (1923). 
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possessing in every volume element one and the same proportion of alcohol 
to water, the medium has now become, by dissolving a substance as bornyl~ 
acetate, a regular space arrangement of concentration divergencies. If it 
we re possible suddenly to remove all the molecules of the solvent, the 
condition of complete homogeneous distribution would, by the diffusion 
process, be reached again after a certain length of time. The force, 
exercisedby the bornylhalf of the molecule on its immediate neighbourhood, 
which balances the diffusion tendency of the unequally divided water and 
alcohol molecules, isequal and opposite to the force ",hieh this part of 
the medium exercises on the bornylhalf of the estermolecule. The direction 
of this force will he equal to that of the strongest fall of concentration, 
which approximately will agree with · the direction of the bond between 
the two halves of the molecule, whieh behave totally different with respect 
to the medium. For the alcoholconcentration will diverge from the gross 
value especially at the pole of the bornylhalf, where the influence of the 
other half is least perceptible, while the medium, in the neighbourhood of 
that pole, has had to collect the greater part of the repulsed water, and 
to give off the attracted alcohol. When, in the theoretical considerations 
of DEBIJE and HUECKEL 1) about a positive ion and its environment, 
consisting of other positive and negative ions, bornylacetate is taken for 
the positive ion, water for the other positive ions, and alcohol for the 
negative ions, we have only to exchange the actions of charges for the 
repulsions and attractions relating to those molecules, in order to apply 
their results to this case. The difference is due to the fact that the 
atmosphere is no longer symmetrieal, because the estermolecule consists 
of two very different parts, and, of course, to the magnitude of the effect, 
because, instead of free charges dipole moments play a part 2). The force 
whieh is exercised by the medium on the bornylhalf of the molecule, is 
therefore brought about by the alcoholmolecules, which try to diffuse 
away, and the watermolecules which have to replace them. The former 
are attracted, and would have to go from close by to greater di stances jf 

they could only obey the inclination to diffusion, the lat ter are repulsed 
and are at a great distance. The forces which play a part here quickly 
decrease with the distance, so that the inclination to bring the solvent 
again in a homogeneous condition manifests itself in a resultant force, 
which is directed from the bornylhalf to the medium in the direction 
mentioned above, of the bond between the two halves of the estermolecule, 
and whieh is increased in greater proportion by the more strongly attracted 
alcoholmolecules, which try to diffuse away, than by the more weakly 

1) For a synopsis see: Ergebnisse der exakten Naturwissenschaften JII. 199 (1924). 
wlth an exhaustive list of references; more recent literature in: Ergebnisse der exakten 
Naturw. VI, 155 (1927). 

2) These much smaller farces can yet exercise a very great effect, because reaction
velocities are very sensitive for smal! changes, i.c. small changes in the amplitude of the 

reacting group. 
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repulsed watermolecules (farther off) which must. to an equal amount. 
diffuse in that direction. 

When the other half of the molecule behaves in the same way with 
respect to the mixture of water and alcohol as the bornylgroup which we 
have taken as an example. therefore in a case as benzylbenzoate. we have 
at the two poles an excess of alcohol and a shortage of water. Then at 
the two extremities of the molecule forces are at work which are directed 
towards the medium. and so provide a greater liability to deformation. 
For an experimental investigation however. it is a drawback that such 
compounds can be dissolved only in media which are rich in alcohol. and 
then have a very smaU velocity of reaction. 

IE at the other half of the molecule water is the component most in 
demand. the endeavour to destroy the differences of concentration will. 
in the same way as has been described for the bornylhalf. give rise to 
a force which is directed towards the medium. The reasoning is the same. 
for alcohol we have only to read water. and the reverse. 

10. So we see that in a mixed medium. of which the components behave 
very unequaUy with respect to the solute. the deformation wiU be greater 
than in an unmixed medium. owing to the possibility of partial separation 
of the components of the medium; this deformation will be a stretching 
of the molecule in the direction of the bond which keeps the unequal halves 
of the molecule together. In the unmixed medium only slight change of 
concentration takes place by positive or negative condensation of the 
medium round the solute. or at one of the groups present. This is the reason 
why the value of the deforming force is limited to a smaU amount. 

A certain separation is also conceivable in the pure solvent. Association 
is a very universal phenomenon. and the proportion of the different sorts 
of molecules wiU probably be other in the neighbourhood of a molecule of 
the solute than in the free space of the medium. But the contrasts in the 
behaviour. with respect to the solute. which play such an important part 
when there is a difference in the components (water and alcohol f.i.) will 
be not only much slighter with pseudo components. but moreover there will 
always be an equilibrium adjustment between the simple molecules and 
the associated complexes. Still a smaU effect is possible. because the 
equilibrium constant. valid for the association. may have another value 
in the free medium than in the neighbourhood of a molecule of the solvent. 

In the case of the mixed medium we have still to settIe the question : 
when are the circumstances for deformation most favourable? This wiU 
be the case when the unequality of concentration in the medium and in 
the neighbourhood of the active group is greatest. If the quantity of one 
of the components of the medium is just sufficient to keep the ester in 
solution. the percentage change in concentration. for the same numerical 
displacement of molecules of water and alcohol per unit of volume. will 
be a maximum. and upon th is depends the tendency to diffuse. as also 
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does the force causing deformation. If f.i. 10 % of water may be present 
in the alcohol before any separation of the ester beg ins. and the forces 
exercised by the bornylhaH on water and alcohol are such that on every 
100 molecules 3 molecules of water are replaced by 3 molecules of alcohol 
in the neighbourhood of the bornylgroup. the proportions of the 

concentrations which must be balanced by diffusion are !~+~ for water. 

and :g+; for alcohol. Should the medium consist of alcohol of 50 % 

50-3 50-3 
these proportions would be 50+3 resp. 50+3 so considerably nearer to 1. 

The farther the concentration is situated from the critical value. the less 
"hostile" the medium will be have towards the solute. and the less the 
proportion of the components need be modified. 

11 . It might be objected that in our considerations the forces exercised 
by the molecules on each other must manifest themselves to rather large 
distances. This is. however. only apparently so. and a consequence of the 
static picture. given of the solution. and which is not in accordance with 
the reality. In the case above mentioned of the saponification of 
0.01 n. bornyl acetate in a 30 % mixture of alcohol and water the 
proportion of the numbers of molecules is such. th at on an average 
12 molecules of water and 6 molecules of alcohol are between 2 molecules 
of bornyl acetate (reckoned in a straight line to three mutually 
perpendicular directions ) . H we imagine this to be a fixed lattice. the 
changes of concentration. above mentioned. in the immediate neighbourhood 
of the solute and in the free medium. require forces which make themselves 
feIt along several molecule distances. But taking into consideration the 
correct kinetic point of view. this signifies that. with the continua I motion 
of the th ree different kinds of molecules. homogen-eous distribution is not 
formed under the influence of the mutual forces. but that the most probable 
condition is such. that at the bornylhalE of the solute an atmosphere is 
found which contains more alcohol and less water than agrees with the 
gross composition of the medium. Thisatmosphere moves with the 
estermolecule. not as one massive whoIe. but new molecules are assimilated, 
and old ones are released, while the number that is carried along is subject 
to fluctuation , and must change when the approach of two esfermolecules 
with the bornylhalves facing each other. requires a greater accurnulation 
of alcohol. 50 as to prevent a union to a greater complex. When we imagine 
a layer of the pure medium over the ester solution. the diffusion of the 
estermolecules. on the basis of the static picture, would not be obvious. 
In the solution they are so far apart that the resulting power would be 
practically imperceptible on the molecules which lie on the border of 
solution andpure medium. H. however. we take into account that all the 
molecules are in constantmotion. it is clear that. only inthe direction of 



1048 

the pure solvent, nothing opposes an unimpeded movement. while in another 
direction the influence of another estermolecule is always manifested in 
course of time. 

12. From what precedes, we cannot, on the face of it, draw conclusions 
on the influence of a change of composition of the medium on the velocity 
of reaction. For, up to now, we have paid attent ion to the change of only 
one factor, whereas the change of the medium can have quite other results 
besides those mentioned. We have not paid attention to the changes which 
are eHected by the medium on the molecules of the other participants of 
the reaction. But for the problem which is raised here it is of much greater 
importance to ask ourselves what effect change of pressure will have, all 
the other conditions remaining unchanged as far as possible. By raising 
external pressure we approach all the molecules, the consequence of which 
is a magnifying · of all the effects which depend on the mutual forces of 
the molecules. We shall therefore have to pay special attention to the 
value of the coefficient of pressureof the velocity of reaction. In the first 
place we can consider whether the results of our theories are in agreement 
with the facts known about the magnitude of the coefficient of pressure. 

In aqueous solution only the inversion of canesugar 1), the saponification 
of aethylacetate 2) , and the reaction between hydrobromic and bromie 
acid 3) have been investigated. The saponification of the aethylester of 
o~methoxycinnamic acid 4) in a solution of alcohol and water, has been 
minutely studied, in alcohol of 31 % and of 42.5 %, while of a nu mb er 
of other esters provisional measurements have been made in different, 
mixed media. Table 1 gives the value of the coefficient of pressure of the 
velocity of reaction, expressed as the quotient of the velo city at 1500 
atmospheres and at ordinary pressure. These figures of course are only 
approximate in the provisional measurements. 

From the figures appears: 
1. In the reactions in aqueous medium the influence of pressure is but 

slight; it may be positive or negative (~:500 > I, resp. < 1 )-

2. In all cases the effect is much greater in a mixed medium, and has 
always been found to be positive. According to the theories developed 
above this greater effect of pressure depends on the greater chance of 
deformation in a mixed medium than in a pure medium. If the deformation 
effect is small other effects can mask it completely. 

3. In alcohol of 31 % the coefficient of pressure is considerably greater 
than in alcohol of 42.5 %. This is also in agreement with the theories 

I) ERNST COHEN and R. B. DE BOER, Zeitschr. f. physik. Chemie 8-t,41 (1913); ERNST 
COHEN and A . M. VALETON, ibid. 92, 433 (1917). 

2) ERNST COHEN and H. F. G. KAlSER, Zeitschr. f. physik. Chemie 89, 338 (1915) . 
3) A. L. TH. MOESVELD. Zeitschr. f. physik. Chemie 103, 486 (1923) . 
') A. L. TH. MOESVELD, Zeitschr. f. physik. Chemie lOS, 455 (1923). 



Reactions 

Inversion of canesugar, Ih 6 n. Hel 

Saponificatlon of aethylacetate 

Bromlc acid and Hydrobromic acid 

Sap. of aet~yt o-methoxycinnamate 

Sap. of aethyl o-methoxycinnamate 

.. aethyl o-methoxybenzoate 

.. aethyl benzoate 

.. aethyl anthranilate 

.. benzyl benzoate 

.. IInal ylacetate 

.. cinnamylcinnamate 

.. aethyl cinnamate 

.. bornylacetate 
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TABLE I. 

25 

35 

45 

A 

2.4 

15 

25 

39 

25 

25 

B 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

Solvent 

Water 

aethylalcohol of 31% 

aethylalkohol of 25% 

pyridine .. 15 .. 

methylalcohol .. 38 .. 

aceton .. 28 .. 

propylalcohol .. 20 .. 

aethylalcohol .. 7 

pyridine .. 2112% 

aethylalcohol .. 18% 

.. 3% 

.. 37% 

.. 28% 

.. 53112% 

.. 28% 

.. 31 .. 

.. 41' .. 

propylalcohol .. 19 .. 
pyridine .. 22112% 

Influence of 
pressure 

K1soo 
K;-

0.75 

1.05 

1.06 

1.09 

1.37 

0.83 

0.85 

0.85 

0.84 

2.34 

± 2.6 

.. 2.2 

.. 2.1 

.. 2 . 8 

.. 2.7 

.. 2.0 

.. 2A 

.. 2.3 

1.9 

.. 3.0 

.. 2.7 

.. 2.1 

.. 2 . 5 

.. 4.5 

H 3.9 

.. 4.5 

.. 3.5 

The second group (B) refers to provisional measurements; neither has the compres 
sibility been taken into account, which adds about 6 % to the figures. These two obser
vations do not apply to the figures of the first group (A) . 
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developed above. The deformation is greatest in the medium which is 
just capable of keeping the ester in solution. 

4. In the cases in which the coefficient of pressure is great enough 
to study its change with pressure it appears to increase in a pronounced 
way with increased pressure 1). The effect of pressure of ten decreases 
at higher pressure, as in the case of conductivity, compressibility, etc. ; this 
peculiar fact has already previously been drawn attention to 2), but no 
endeavour has been made to fjnd an explanation. We can, however 
understand it in the scheme, developed above; the closer the molecules 
are approached, the greater the mutual disturl>ance. IE it should be possible 
to work far above 1500 atmospheres of pressure, when the molecules 
strongly oppose further approach, as appears from the continually 
decreasing compressibility, in other words: when the mutual forces reach 
very high values, we might expect a formidable increase of the reaction 
velocity with the pressure. We hope to return to this subject as soon as 
the new applianees for pressure up to 5000 atmospheres have been 
installed, and arranged for the measuring of reaction velocities. 

13. Now that we have seen that the known facts are in ~greement 
with our views, we can ask ourselves in the second place wh ether 
predictions can be made on the basis of the idea formed of the mutual 
relations of medium and solute. This is indeed the case. The following 
three possibilities have been passed in review: 

1. When in some way or other we can counteract the formation of 
concentration differences in the mixed medium, this must coincide with a 
diminution of the coefficient of pressure of the reaction velocity. Now 
an increase of the temperature will increase the thermal movement of 
the solvent molecules, and counteract the formation of inequalities in the 
distribution of water-alcohol. In the same way, the thermal agitation, 
increasing with the temperature, impedes the orientation of dipoles, which 
causes the negative temperature coefficient of the dielectric constant. So 
we shall have to expect that increase of temperature causes a diminution 
of the coefficient of pressure of the reaction velocity. On account of the 
increase of temperature the medium is at the same time no longer close 
to the critical composition, which is just able to keep the ester in solution, 
at any rate if, as is generally the case, the solubility in the mixed medium 
increases with the temperature, so that, · when retaining the same 
concentration of ester, the medium can contain, at higher temperature, 
more of the component with the smaller power of solution. 

2. We can try to compensate this last result of increase of temperature 
by raising the esterconcentration so much that solubility is almost reached 

t) Zeitschr. f. physik. Chemie 105, 466 (1923). The coefficient of pressure is almost 
twice as great at 1500 atmospheres as at I atmosphere in alcohol of 31 0/ 0, a Iittle less 
in alcohol of 42.5%. 

2) Ibidem p. 470. 
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again. If we leave the natron concentration unchanged, in order ta impart 
the smallest number of variations at the same time, we can, at increased 
temperature, compare with each other: a. a saponification of equivalent 
qmintities of ester with regard to the natron, which have the same 
concentrations as at the lower temperature, (which therefore would have 
to show a smaller coefficient of pressure of the reaction .· velocity than 
under the very same circumstances at lower temperature), and b. a 
saponification with surplus of ester with regard to the natron, allother 
circumstances being equal for the rest, while this surplus can be extended 
sc much, th at the medium can just keep all the ester in solution. Then we 
shall have to expect that in the latter case the coefficient of pres su re has 
become greater again. 

This case is very remarkable. We might expect, with the very slight 
concentrations used here, (in a. ester and natron are both 0.01 n., in 
b. 0.016 and 0.01 resp.) that at the same pressure the reaction constants 
would be the same, calculated by means of equations which hold good for 
bimolecular reactions, in the case of equivalent and unequal concentrations 
resp. If therefore a different coefficient of pressure is found here, the 
values for the reaction constants, in both cases, do not run parallel with 
the pressure, and we have here an autocatalytic effect, which increases 
with pressure, and is already clearly perceptible in such slight concentrations. 

3. Finally, instead of surplus of ester, we can add another substance, 
which in a similar way can effect a partial separation of the medium, as 
f.i. borneol. Every borneolmolecule will try to envelop itself with an 
atmosphere which is relatively richer in alcohol than the medium; for the 
bornylacetate molecules a medium then remains which has become already 
poorer in alcohol. So the ester is as it were dissolved in a medium which 
lies closer to the critica I composition, and can therefore cause a greater 
deformation of the ester. When therefore, at increased temperature, we 
add to the equivalent mixture of ester and natron so much borneol, th at 
the latter can just be kept in solution, the coefficient of pressure must in 
this case be found greater than when borneol is not added, all the 
circumstances, and also the temperature, being the same for the rest. 
In this case borneol must play the part of a catalyst which increases in 
activity with increasing pressure. These three predictions have all been 
tested by experiment in the case of the saponification of bornylacetate 
by natron, in alcohol of 30 %, and in the three cases the expected effects 
have been found to amounts far . exceeding the errors of experiment. In 
another paper we hope to enlarge upon the experimental particulars. 

14. Whether the mechanism of activation depends on collision, or 
radiation, or on both, need not be considered here. The deformation, 
brought about by the medium, modifies the mean amplitude of the vibration 
or the rotation velocity of that part of the molecule which plays a _part in 
the reaction. The number of molecules in which these magnitudes surpass 
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a certain critical value is different too and this number is proportional 
to the reaction velocity. The maintaining of the exact fraction of activated 
molecules can take place in the same way as before the deformation. 

The explanation of the change of the reaction velocity by pressure does 
not rest upoil particular suppositions about the mechanism of activation as 
this might be changed by pressure. It would indeed be difficult to conneet in 
th is way the increase of the reaction velocity at 1500 atmospheres to -4 X 
the value which holds good for one atmosphere, with the increase of the 
number of collisions, or of the acitivating radiations at the change of volume 
which then appears, and which amounts to only -+- 6 %. Here, too, the 
effect must he attributed to the change of amplitude, or of the rotation 
velocity, when by external pressure the molecules are approached and 
exercise greater forces on each other. Collisions have of course another 
effect on a deformed molecule, while other quanta of radiating energy 
can, under the modified circumstances, also bring the molecule in the 
activated condition. 

15, When the non reacting molecule does not undergo a change itself, 
but only af ter the formation of intermediate products, the above con~ 
siderations must of course be applied to this complex, and not to the 
single molecule, which reacts according to the reaction equation. But 
actually th ere is only a gradual difference between an intermediate product 
of definite chemical composition and a molecule which is endowed with 
a definite atmosphere, which plays the part of a loose complex, that is to 
say: with respect to the influence of pressure on the reaction velocity, 
of course not when, in totally different media, also as regards the 
components, we may expect totally differently composed intermediate 
products. See also the concluding part of § 8. 

16. Finally we might put the question whether a similar reaction, as 
we have taken as an example could not show a drift in the reaction 

. constant, if the reaction is studied along a great interval of concentration. 
For, during the reaction, the ester concentration diminishes continually, 
so that the medium gets less close to the critical composition, with respect 
to the quantity of ester which is still present. In connection with prediction 
3 this is to a large extent compensated by the reaction product which is 
formed out of the ester, containing the group which behaves in a totally 
different way with respect to the two components of the medium. 
Previously it has been öbserved already 1) that with similar reactions a 
small drift can play a part, though then it was attributed to an incomplete 
equivalence of ester and natron (in connection with the electrolytic 
dissociation in the medium used). At this moment it is not quite possible 
to settle, whether one of these effects, or both, are responsible for this 
slight drift. In this investigation the drift has beel} eliminated by a slight 

1) Zeitschr. f. phySlk. Chemie 105, .. 55 (1923), see p. "61. 
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change of the ester concentration, as was also done previously. For 
further particulars we refer to a later communication. 

SUMMARY. 

In order to explain the facts known about the influence of pressure 
on the reaction velbcity, we have passed under review the condition of 
dissolved substances in simple and in mixed media. The existing exper~ 
imental material allows of the development of an effectual conception. 

This conception is based on the supposition of a partial separation of 
the components of the medium, which is caused by the molecules of the 
dissolved substance, provided that it satisfies some definite conditions. 
This is attended with a deformation of the molecule of the dissolved 
substance. 

In consequence of these views three predictions have been elaborated 
about the influence of changes of temperature and catalysts on the value 
of the coefficient of pressure of the reaction velocity, which are · justified 
by the experiment. 

Utrecht, September 1927. VAN 'T HOFF~Laboratory. 



Physics. - On the rectilinear diameter of ethylene. By E. MATHIAS, C. A. 
CROMMELIN and H. GARFIT WATTS. (Communication No. 189a 
from the Physical Laboratory at Leiden.) (Communicated by 
Prof. W. H. KEESOM. ) 

(Communicated at the meeting of November 26, 1927). 

§ 1. The density curve and the rectilinear diameter of ethylene we 
thought would be an interesting subject for investigation, firstly because 
the results that have so far been obtained are only of a temporary 
character 1) and secondly because this substance is one of those used in 
refrigeration. The present research forms part of a series of observations 
upon the diameter of oxygen 2), argon 3), nitrogen 4), hydrogen 5), neon 6 ) 
and helium 7). All these investigations were carried out in the Physical 
Laboratory of the University of Leiden. 

§ 2. Our apparatus was almost exactly the same as that used in the 
above mentioned investigations, for particulars we may therefore refer to 
the papers already published on these. The only difference is that as liquid 
in the cryostat we used ethyl-chloride for temperatures above -240 c., 
methyl chloride for temperatures between -240 C. and -1030 C. and 
ethylene for those below -1030 C. Temperatures above the freezing-point 
of mercury were measured with a mercury thermometer standardized in the 
Physikalisch-Technische Reichsanstalt at Charlottenburg; those th at were 
lower, by means of a platinum resistance thermometer compared directly 
with the helium thermometer. 

The ethylene was first technically prepared (ethyl-alcohol and sulphuric 
acid) and afterwards purified as thoroughly as possible by means of 
repeated distillation at a low temperature. 

For the weight of 1 liter under norm al conditions we took the figure 
1.26098 8). 

In the following table we have arranged the values found for the 

1) L. CAILLETE:r and E. MATHIAS, Journ. de Phys. (2) 5 (1886) p. 549. 
2) C. R. January 1911. Leiden Comm. NO. 117. 
3) C. R. 13 January 1913. Leiden Comm. NO. 131a. 
1) C. R. 160 (1915) p. 237. Leiden Comm. NO. H5c. 
5) C. R. 172 (1921) p. 261. Leiden Comm. NO. 154b. 
6) C. R. 20 November 1922. Leiden Comm. NO. 162b. 
7) C. R. 180 (1925) p. 1005. Leiden Comm. NO. 172b. 
8) Determined by STAHRFOSS in the laboratory of PH. A. GUYE at Geneva. See 

Arch. d. Sc. physiques et naturelles, Genève 28 (1909), p. 384. 
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densities 8 and 8' for the liquid and the saturated vapour at the same 
temperature {j and for the ordinates of the diameter. 

(j y (obs.)- y (obs.) -
iJ (observed) iJ' (observed) y (observed) y (caIe.) 

y (caIe.) 
in% 

0 

+ 7.98C. 0 . 28726 0 . 15268 0 . 21997 +0 .00307 + 1.40 

+ 6 .50 30342 13716 22029 + 00249 + 1.30 

+ 5.84 30840 13266 22053 + 00232 + 1.05 

- 7 . 70 37721 076050 22663 + 00013 + 0 .06 

- 10.93 38818 067215 22770 - 00078 - 0.34 

- 14.18 39855 059942 22925 - 00123 - 0.54 

- 19.205 41313 051138 23214 - 00141 - 0 . 61 

- 24.33 42655 041854 23420 - 00250 - 1.07 

- 37.13 45610 029465 24279 - 00175 - 0.72 

- 48.15 47822 020407 24932 - 00197 - 0.79 

- 63.41 50588 012584 25923 - 00141 - 0.54 

-103.01 56740 0021928 1) 28480 - 00011 - 0.04 

- 114 .69 58380 0011127 1) 29246 + 00040 + 0.14 

-129.90 60449 00037586 1) .30244 + 00106 + 0.35 

I 
-145 . 07 62465 000: 9363 1) 31237 + 00169 + 0.56 

I I I 

The values calculated for the ordinates of the diameter, deduced from the 
observations according to the method of the least squares are represented 
by the formula 

y = 0.22179 - 0.00061277 {j o 

The direction constant of the diameter is therefore 

a = - 0.00061277. 
(differs very little from that of methane). 

The formula for the diameter gives + 9 0 .5 C. 2), at the critical temper~ 
ature, for the critica 1 density 

6. = 0.21597 
The critica 1 coefficient is 

3524 

1) Caleulated by means of the general reduced equation of state. Comm. Leiden Suppl. NO. 19. 
2) E. CARDOSO and E . ARNI , Journ. de chimie physique 10 (1912) p. 504. 

68 
Proceedings Royal Acad. Amsterdam Vol. XXX. 



(Tk = critica! temperature. Pk 

and R = gas constant). 
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critica! pressure. Vk critica! volume 

§ 4. The deviations of the diameter are not sosmaIl as in hydrogen and 
neon. they are sometimes even greater than 1/100; nevertheless ethylf':ne 
may be said to conform approximately to the laws of the rectilinear 
diameter. The deviations are of the same systematic character that we have 
met with in other substances. such as argon and carbonic acid. i.e. in the 
neighbourhood of the critical point the diameter is slightly concave towards 
the temperature axis. while at low temperatures it is convex1 ). 

This research was carried out with the aid of a grant from the Caisse 
de recherches. which the Académie des Sciences in Paris extended to us. 
for which we render our sincere thanks. 

I) See Comm. Leide-n Suppl. NO. 23 . .Ene. Math. Wiss. V. 10. § 85 a and c; further 
§ 50 note 576. 



Physics. - Vapaur tensians af liquid ethylene. By C. A. CROMMELIN and 
H. GARFIT WATTS. (Communication N0. 189b fram the Physical 
Laboratory at Leiden.) (Communicated by Prof. W. H. KEESOM). 

(Communicated at the meeting of November 26. 1927). 

§ 1. Intraductian. The critical pressure and temperature of ethylene 
have been measured by CAROOSO and ARNI1) (50.65 atm. and 9°.50 C. 
respectively); vapour pressures between -103° and -150° C. were 
determined by HENNING and STOCK 2) with an accuracy of 0.1 mmo 
But between the critical point and boiling point so far only VILLARO's 3) 
figures we re known. which did not give a greater accuracy than 0.1 atm. 
The determination of the densities of the liquid and of the saturated 
vapour 4) furnished the opportunity (while also rendering it essential) for 
making a new series of determinations of vapour pressure. the results of 
which are given in this paper. 

§ 2. Apparatus. Pressures above 20 atm. were measured with the 
closed hydrogen manometer 5). those above 20 atm. with an open standard 
manometer 6). The ethyl ene was compressed and liquefied in a small 
reservoir provided with an electro-magnetic stirrer. 

Measurements above -20° C. were made in a bath of liquid ethyl
chloride. those below this temperature in a bath of liquid methyl-chloride. 
The temperatures of the ethyl-chloride we re determined by means of two 
mercury thermometers. those of the methyl-chloride by two platinum 
resistance thermometers. 

§ 3. Purity af the ethylene. Our ethylene was prepared from alcohol 
and sulphuric acid; it was then lead through a spiral cooled in solid 
carbonic acid and alcohol (-I- -90° c.) and finally solidified in a glass 
bulb plunged in liquid air. after which the volatile impurities (e.g. air) 
were very thoroughly expelled with a diHusion pump; after partial heating 
the middle portion was pumped oH. the less volatile constituents remained 

1) E. CARD050 and E. ARNI. Journ. de chim. phys. 10 (1912) p. 504. 
2) F. HENNING and A. STOCK. Zeitschr. f. Phys. -4 (1921) p. 226. 
3) P. VILLARD. Ann. d. Chim. et de Phys. (7) 10 (1897) p. 387. 
4) E. MATHIAS. C. A. CROMMELIN and H. GARFIT WATTS. These Proceedings. p. 1054. 

Comm. Leiden NO. 189a. 
5) Comm. Leiden. Nos 78. 97. 118. etc. 
6) Comm. Leiden. Nos ·H and 146. 

68* 
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behind in the last fraction. This trea tment was repeated three times. The 
gas thus purified was then compressed in a smaII steel cylinder. 

§ 4. Accuracy. The mercury thermometers we re standardized in the 
Physikalisch~ Technische Reichsanstalt within an accuracy of 0 .01 degree ; 
the platinum thermometers were compared with the helium thermometer 
w ithin an accuracy of 1/50 degrees. At points 6, 7 and 9 the difference in 
indication of the two platinum thermometers was less than 0.01 degrees, 
at points 8 and 10 this difference was 0.03 degrees. The accuracy of the 
pressure measurements may be taken at about 1/4000. 

§ 5. The results are given in the table below. The temperatures are 
given in Kelvin degrees on the Celsius scale, and on the absolute scale, 
where -273° .09 C. is taken as the absolute zero. The pressures are given 
in international atmospheres (1 int. atm. = 75.9529 local cm at Leiden) . 

NO. f) T P 
(int. atm.) 

0 0 
1 + 7.90 C. 280 .99 K. 48.162 

2 0.00 273 .09 40.276 

3 - 7.54 265.55 33.923 

4 -10.01 263 .08 31. 971 

5 -20.01 253 .08 24.905 

6 -30.53 242.56 18.851 

7 -41.01 232 .08 13.907 

8 -52 .09 221.00 9.774 

9 - 60.90 212.19 7.206 

10 - 69.27 203.82 5.259 



Physics. - Preliminary isotherms of ethylene. By C. A. CROMMELIN and 
H. GARFIT WATTS. (Communication N0. 18ge from the Physical 
Laboratory at Leiden.) (Communicated by Prof. W. H. KEESOM). 

(Communicated at the meeting of November 26, 1927). 

§ 1. Isotherms of ethylene have been measured by AMAGAT 1) at 
0°, +20° and +70° C. and by MASSON and DOLLEY 2) at +24°.95 C. 
While measuring the diameter of ethylene we took the opportunity for 
determining a few isotherms as well. Although the ground covered is not 
large, our measurements were useful for calculating approximate values for 
Band C in the empirical equation of state of KAMERLINGH ONNES, so that 
we think it worth while to publish our results. 

§ 2. For a description of the method and apparatus used we refer to 
the numerous earlier communications from the Physical Laboratory at 
Leiden regarding isotherm determinations; for the purification and for the 
temperature measurements at these comparatively high temperatures, to thc 
paper in these Proceedings on the diameter and vapour pressure of ethylene. 

§ 3. The results of our measurements are given in table I. The 
temperature is reduced on the thermodynamic scale; pressure is given in 
international atmospheres. 

§ 4. Virial eoefficients. We have endeavoured to represent our 
observations by KAMERLINGH ONNES'S empirical equation of state 

in which the coefficients D A etc. could be taken as 0, as the 4th and 
following terms only come into play at greater densities. Considering the 
small number of observations and the temporary character of our 
calculations, it was not worth while to apply the method of least squares. 
The curve that corresponds to the equation was simply drawn through two 
suitably choosen points; in some cases it was afterwards made more 
complete by a small variation in the coefficient. 

In table 11 the results of these calculations are combined, while coefficients 

I) E. H. AMAGAT, Ann. de chimie et de phys. (6), 29, June et Augustus 1893. 
2) I. MASSON and L. G. F. DOLLEY, Proc. R. S. (A) 103 (1923) p. 524. 



Serie NO. 0 

0 

IV 1 +20. 18C. 

2 

3 

4a 

I 1 +10 . 17 

2 

3 

4 

V 1 + 0.10 

2 

3 

4 

5 

II 1 - 1.36 

2 

3 

4 
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TABLE 1. 
lsotherms aethylene. 

p dA vA intern. atm. 

23.021 25.385 0.039393 

26.150 29.704 33665 

30.715 36.638 27294 

38.339 50.360 19857 

23.008 26.946 0.037111 

25.983 31.553 31693 

29.614 37.605 26592 

36.754 52.392 19087 

21. 951 27.036 0.036989 

24.789 31. 765 31481 

27.128 36.071 27723 

30.289 42.649 23447 

34.127 52.323 19112 

21.947 27.460 0 . 036417 

25.127 32.895 30400 

2~.611 39.740 25164 

33 . 687 52.302 19120 

pv A (obs.) PVA 
obs.-calc. 

0 . 90687 -0.00030 

88034 + 35 

83833 + 34 

76130 + 60 

0.85387 +0 .00110 

82347 + 26 

78751 + 163 

70152 - 34 

0.81194 -0 . 00011 

78039 0 

75208 - 6 

71020 0 

65223 + 101 

0.79925 - 0 .00098 

76385 0 

71997 + 16 

64409 0 

according to AMAGAT's isotherms are added, borrowed from earlier 
calculations by KAMERLINGH ONNES, which have not been published before. 

TABLE II. 

G 
I 

AA 
I 

BAX 103 

I 
CAX 106 

I 
+70 0 C. +1.2657 -5.8507 +16.064 AMAGAT 

+20.18 1.0825 7.4319 20.700 C. A. C. and H. G. W. 

+20 1.0812 7.3756 21.880 AMAGAT 

+10.17 1.0455 7.7831 23 . 350 C. A. C. and H. G. W . 

+ 0.10 1.0084 7 .7198 17.083 .. ,. .. 
0.00 1.0080 8.5354 30.936 AMAGAT 

- 1.36 1.0030 7.9604 21. 002 C. A. C. and H. G. W. 
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The values of AA are calculated from those of AAo by the formula 
AA = AAo (1 + a t). in which for a the value 0.0036618 is assumed. As 
it is calculated. BA and CA can now be represented as functions of the 
temperature by a polynomium. The observation material. however. is not 

TABLE lIl. 

6 
I 

BAX 103 

I 
CAX 106 

+70 0 C. -5.8 +ló5 

60 6.1 17 

50 6.3- 175 

40 6.55 18 

30 6.9 185 

20 7.2 195 

10 7.6 21 

0 8.0 225 

large enough for it to be worth while making rather elaborate calculations 
about it, so that we have preferred to smooth out the coefficients graphically. 
The results of this smoothing will be found in table 111. 

§ 5. As far as it was possible from the graphic representations, we could 
determine that our isotherms were in good agreement with those of 
AMAGAT. Those of MASSON and DOLLEY deviate completely from ours. In the 

p~. d A -d.iagram all isotherms should meet the p~ axis in one point; 

AMAGAT'S and ours fulfil this requirement, MASSON and DOLLEY'S do not 
in the least. We have not been able to discover any explanation of this 
irregularity. 



Microbiology.- On differential [iltration 1). By A. PIJPER. 

(Communicated at the meeting of December 17, 1927). 

The dimensions of bacteria, as given in textbooks, are unsatisfactory. 
Such statements are not only too vague, as for instance when a bacillus is 
said to be 0.5 to 1 micron thick, but the different authors also of ten 
contradict one another. Thus it se~ms to be quite unsettled whether for 
in stance b. typhosus is thicker than b. coli or whether the reverse is true. 

This condition of affairs becomes comprehensible when one realizes 
that these determinations of size are performed by means of eye~piece 
micrometers, on material of varying origin, and usually including a small 
nu mb er of individuals only, and that therefore the "measurements" 
obviously are mere approximations. 

A more exact knowledge of the relative sizes of bacteria seems to me to 
be of sufficient importance, theoretically and practically, to merit calling 
attention to measurements which can be performed by the diffraction
method as indicated by me 2, 3, 4). The results of these measurements 
throw new light on certain unexplained phenomena, and point the way 
towards anew method for isolating bacteria, which method I have 
designated differential filtration. 

The diffraction~method makes use of the fact that many kinds of 
bacteria in surface~cultures show such a regular arrangement of the 
individual microbes that the culture can be employed as a diffraction 
grating. In the case of staphylococci their spherical shape readily explains 
this. In a staphylococcal surfaceculture consisting of two layers of bacteria, 
these two layer~ will naturally fit themselves together in such a way that 
small apèrtures will be left open between the cocci, and these small 
apertures will be situated on straight lines intersecting at angles of 60°. 
Small variations in the size of individual cocci here and there will cause 
these lines to wheel about as compared with the lines at other spots. Such 
a culture may therefore be regarded as a grating withequidistant lines 
running in all possible directions. The 'distance between the lines is a 
function of the thickness of the cocci. Under suitable conditions therefore 
staphylococcal cultures will produce circular spectrums, the si ze of which 
is a function of the thickness of the cocci. A further consideration of the 

I) Part of the apparatus used in these experiments Wi1-S procured through the kind 
assistance of the Research Grant Board of the Union of South Africa. 

2) The Med. Journa! of S. Africa, August, 1918. 
3) S. African Medica! Record, June, 1923. 
i) S. African Medica! Record, June, 1925; October, 1925. 
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physical aspects of the matter would take up too much space. It is quite 
feasible to produce, with the aid of staphylococcal cultures, beautiful and 
bright spectrums with diameters of several centimeters. The diameter of 
a given coloured circle can be recorded directly by suitable means, or 
can be registered by means of a colourphotograph. In either case an 
accuracy of at least one millimeter can be achizved. 

Apart from staphylococci I have also found the method applicable to 
bacteria of the coli-typhoid group. This suggests that in surface cultures 
of these bacilli, the individuals stand upright, at right angles to the surface 
of the culture, because otherwise the regular pattern necessary for its 
proper function as a diffraction-grating, could not be obtained. 
Considerations of a mechanical nature support this assumption. The 
thickness of the bacilli then plays the same part as the diameter of the 
cocci, and determine the dimensions of the spectrums. 

This is, briefly, the diffraction-method of measurement. Constant results 
can only be expected if one scrupulously adheres to an established 
technique, both as regards the preparation of mediums and the planting 
out of cultures. The most disturbing factor is desiccation, to which the 
size of bacteria has proved to be most sensitive, and surface-cultures 
miturally are much subject to desiccation. Old and thick cultures therefore 
are unsuitable. 

W orking on these lines I have succeeded in establishing the sizes of the 
spectrums which belong to given kinds of bacteria, and in calculating 
values therefrom for the mean relative thickness of these bacteria. The 
relation between the size of the elements of the grating and the thickness 
of the bacteria may be regarded as constant. The thickness of the bacteria 
however here includes the ektoplasm, of which little is known. It therefore 
at this time seems better not to attempt to give absolute values for the 
thickness of the bacteria, but to use the thickness of b. typhosus as the 
unit measurement. The b. typhosus was chosen because this bacterium 
exhibits such a remarkably small range of variation in its other characters. 
It may be added that the results of the diffraction-measurements otherwise 
compare very weIl with the accepted dimensions of bacteria, as all calculated 
values lie in the neighbourhood of 1 micron. 

In this way I found, that, expressed in b. typhosus units, b. coli Escherich 
had a thickness of 1.11, b. cloacae of 1.08, b. neapolitanus of 1.15, b. lactis 
aerogenes of 1.38, and various not further classifiable representatives of 
the group of about 1.3. In every instance more than one strain of bacilli 
was examined, and of typhoid bacilli more than twelve strains were 
measured. A single strain of paratyphoid-B bacilli measured 0.98 and a 
single strain of b. pyocyaneus 0.88. 

Similarly it was found that staphylococci from a carbuncle had a 
thickness of 1.08 b. typhosus units, and various cocci from furuncles of 
1.11. whilst white staphylococci we re 1.3 thick. and staphylococci from 
air reached 1.6. 
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Very young cultures often seemed to contain thicker bacteria than older 
cultures. This initial stage was folIowed by a period of several hours 
during which constant values were recorded, and af ter that the bacteria 
steadily became thinner. For this terminal change the unavoidable 
desiccation must be held responsible. The initiaI. and perhaps only 
apparent, increased size may perhaps be due to the scantiness of growth 
in the early stage, when the grating may still consist of one layer of 
bacteria only, which produces an entirely different type of grating. Perhaps 
also we are here dealing with the phenomenon described by others on tht> 
strength of microscope-measurements, viz., that young individuals in fresh 
cultures show enlarged sizes 1) . 

The diffraction-method thus demonstrated th at certain bacteria under 
given conditions, amongst which a sufficient degree of humidity appears 
supreme, show constant differences in thickness , and that generally 
speaking the thickness stands in inverse relation to the pathogenicity. 

The idea now suggested itself that the discovered differences in thickness 
might throw some light on well-known but unexplained phenomena, and 
that perhaps some practical application might be found. 

FRIEDBERGER' sexperiments on the ascent of bacteria have remained 
unexplained. FRIEDBERGER dipped strips of filterpaper into fluids containing 
mixed suspensions of bacteria, and noticed, by placing these strips after 
a few minutes on solid media, that some kinds of bacteria ascended higher 
into the filterpaper than others, or as I would prefer to put it, that some 
kinds of bacteria were carried to greater heights on the ascending current 
of fluid than others. Attempts at explanation have failed , motility was 
proved to play no part, and the conception of adsorbability brought no 
light. The matter becomes very simple when one remembers that it is 
extremely probable that the thinner bacteria find it easier to pick their 
way between the obstructing fibres of the filterpaper when carried upwards 
by the current. As a matter of fact it appears from FRIEDBERGER's reports 
that those bacteria which ascend highest, prove to be the thinnest when 
measured by the diffraction-method. The order in which FRIEDBERGER 
places bacteria according to their powers of ascent, corresponds with the 
order in which they have to be placed according to their thickness. 
FRIEDBERGER is inclined to accept th is explanation 2), although he omits 
to mention this new principle in his recent communication on the subject, 
in which he describes an application of the filterpaper-method to the 
purification of vaccine lymph from contaminating staphylococci 3). Miss 
SLUITER, who performed experiments on the ascent of red blood cells, 
ad mits the possibility th at the size of the cells plays a part 4). 

From this perfectly natural explanation of the ascent of bacteria in 

I) HENRICl, Science, Vol. 61, 1925. 
2) Private communica(ion. 
3) Deutsche Med. Woch. 1927. 
4) These Proceedings, Vol. 28. 1925. 
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filterpaper, it is only a small step to the explanation of certain experiments 
on filtration, which also stand in need of elucidation. CARNOT and 
GARNIER 1), and later CARNOT and WEIL-HALLE 2), have claimed, and 
this has later been partly confirmed by PLANTENGA 3), that when mixed 
suspensions of bacteria, containing typhoid bacilli, are brought into one 
limb of a U-tube, which is fiIled with broth, and contains sand at the bend, 
the typhoid bacilli will be the first to appear in the other limb, leaving 
behind the other bacteria. The explanation was sought in the greater 
motility of the typhoid bacilli, and the French authors speak of "auto
sélection par motilité". FETSCHER's method which pursues the same object 
and according to FETSCHER is based on the same principle, replaces the 
sand by a woollen thread 4). 

Both methods were extensively tried by me. The results up to a point 
agree with the inventors claims, but they at the same time have confirmed 
my contention that the motility does not play the part ascribed to it, and 
that here also differences in thickness afford a better basis for explanation. 
When non-motile bacteria are used, such as staphylococci, the experiments 
su cc eed just as weIl, and it is always that bacterium which co mes through 
first which by the diffraction-method was found to be the thinnest. 

As all these methods for the isolation of bacteria are obviously dependent 
on an identical principle, viz., that thinner bacteria more easily find their 
way th;ough narrow paths, it seems justified to speak in all these cases 
of differential filtration. Whether the driving force has to be looked for 
in active growth, diffusion, currents generated by heat, or motility, to 
my mind seems to be without importance for the explanation of the 
phenomena. 

It proved very difficult to procure sterile sand in sufficient quantity. 
FETSCHER's apparatus is expensive and fragile. The experiments therefore 
were continued with cotton wool as filter-materiaI. In a test tube a glass 
tube was placed, about half as wide as the test tube, and three quarters 
of its length. This inner tube was bevelled at its lower end, and a rim at 
its up per end prevented too close contact with the outer (-test) tube. A 
fairly tight plug of cotton wooL about 2.5 centimeters long, was pushed 
into the inner tube up to a distance of about 2.5 centimeters from its lower 
end. Fluid, usually broth, was th en poured in, to a level a couple of 
centimeters over the upper end of the cotton wool plug, and the whole 
apparatus was sterilized in the usual way. If now bacteria were brought 
into the up per end of the inner tube, over the cotton wool plug, then these 
bacteria after a time found their way through the cotton wool and appeared 
in the outer tube. With this kind of apparatus a large number of fiItration 
experiments were performed. Mixtures of bacteria in varying concentrations 

I) C. R. Soc. Biol., 21 juin et 5 juillet 1902. 
2) C. R. Acad. Sc., T. 160, NO. 4, 25 janvier 1915. 
3) Ned. T . v. Genetsk., 1925. 
i) Mediz. Klinik. 1926. NO. 35. 
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and quantities were inoculated into the inner tube. and with intervals of 
12 hours the contents of inner and outer tubes were plated and examined. 
In seven instances a few platinumloopfuls of a mixture of equal parts 
pathogenie and non-pathogenie staphylococci were brought into the inner 
tube. The fluid used was ordinary broth. and control tests showed that 
these bacteria endured one another's presence quite weil for many days. 
The thickness of the staphylococci used in the different experiments varied 
from 1.08 to 1.2 b. typhosus units for the pathogenic cocci. and from 1.3 
to 1.6 units for the non-pathogenie ones. In six out of the seven instances 
a pure culture of the pathogenic staphylococci was found in the outer 
tube after due waiting. the seventh time a few non-pathogenic cocci had 
also passed through. but they we re a small minority. 

Similar experiments with typhoid bacilli combined with staphylococci 
yielded four times out of fourexperiments the result that a pure culture 
of typhoid bacilli made its appearance in the outer tube. and it was 
immaterial whether pathogenie or non-pathogenie cocci were used. 

Inoculations of a mixture of mierococcus abortus and a pathogenic 
staphylococcus did not produce the expected result as long as the fluid 
employed was broth. It was expected that the mierococcus abortus. which 
is very much smaller than any staphylococcus. would filter through first. 
From control platings from the inner tube however it became cIear that the 
antagonism between micrococcus abortus and staphylococci was so 
pronounced that af ter a very few hours no living mierococcus could be 
detected in the inner tube. When now the broth was replaced by saline. 
then the results were quite different. and twice out of two experiments 
the micrococcus got through first in pure culture. Of course there was no 
multiplieation of the germs in the saline. and this rendered it comprehensible 
that the results we re delayed several days. 

It may justly be stated that these experiments with non-motile bacteria. 
fully confirmed the assumption that the thickness of the bacteria is the 
decisive factor. 

A mixture of typhoid bacilli and (non-motile) b. lactis aerogenes 
inoculated into the inner tube. gave 30 times out of 33 attempts the result 
that in the outer tube a pure culture of typhoid bacilli appeared. In the 
remaining three in stances the typhoid bacilli we re in the majority in the 
outer tube. and it seems likely that if only the plating had been done 
somewhat earlier. the success would have been complete in these instances 
as weIl. Now the difference in thiekness between typhoid bacilli and 
b. lactis aerogenes is very marked. viz. I as against 1.38. That this 
difference in size is the decisive factor and not. as might be suggested, 
the difference in motility. was demonstrated by further experiments in whieh 
so much typhoid serum was added to the tubes th at the typhoid bacilli 
quite lost their motiliy. The results of the fiItration were unchanged. both 

in broth and in saline. 
Typhoid bacilli and b. lactis aerogenes exhibit no antagonism and th is 
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facilitated the experiments. Between b. typhosus and b. cloacae the 
antagonism was found to be so marked that at first it appeared impossible 
to keep typhoid bacilli alive at all in a mixture of these two bacteria. Their 
difference in thickness is but smalI. viz. 1 as against 1.08, which initially 
threatened to endanger successful differential filtration of b. typhosus. 
Replacing all sugar in the broth by phosphates did not iIhprove the 
conditions for b. typhosus. Addition of malachitegreen, caffein, crystal
violet, did not have the desired result. Similarly the mediums of 
SACQUEPÉE 1), of NISZLE 2), of WADE, KELLY and GIBLIN 3). of 
FETSCHER 4), all devised to favour the growth of b. typhosus and keep 
other bacteria in check, did not succeed in keeping b. cloacae back so that 
b. typhosus could he kept alive. In the end it was found that only the 
medium described by WILSON and BLAIR 5) (on 100 cc. broth 5 cc. of'a 
20 % glucose solution, 2.5 cc. of a 20 % sodiumsulphite solution, and 2 cc. 
liquor bismuthi B. P.) was able to show live typhoid bacilli 12 hours af ter 
inoculation with equal quantities of b. typhosus and b. cloacae. If ten times 
more b. cloacae than b. typhosus we re introduced, then af ter 12 hours no 
living typhoid bacilli could be found. 

Filtration experiments with th is medium succeeded quite weIl. In 18 out 
of 21 attempts the outer tube showed a pure culture of typhoid bacilli af ter 
12 hours. In some instances markedly fewer typhoid bacilli than b. cloacae 
had been inoculated into the inner tube, sometimes the proportion was 
1 : 1000, or 1: 10.000, in one case even 1 : 1.000.000. Even then pure 
cultures of typhoid bacilli were found in the outer tube. In one experiment 
where the proportion was 1 : 100.000, chiefly typhoid bacilli were found in 
the outer tube with a slight admixture of b. cloacae. These results of 
differential filtration are, apart from the slight difference in thickness of 
the bacilli, all the more remarkable because this strain of b. cloacae was 
at least as motile as b. typhosus. 

Good results were also achieved in the differential filtration of typhoid 
bacilli yersus b. coli ESCHERICH. The antagonism which in this case 
appeared in broth, could be kept in check by making the filtration take 
place in brilliantgreenpeptone water. In seven out of eight attempts a 
pure culture of typhoid bacilli was found in the outer tube, and the eighth 
time a few colonies of b. coli appeared, together with numerous colonies 
of b. typhosus. It made no difference whether equal parts of b. coli and 
b. typhosus or one part b. typhosus against one hundred parts b. coli were 
placed in the inner tube. 

Still further differential filtration experiments were performed with 24 
representatives of the coli-typhoid group, which all had been found 

1) Bulletin Inst. Pasteur, 30 Sept. 1926, NO. 18. 
2) Centralbl. f. Bakt .• July 21, 1927. 
3) Centralbl. f. Bakt., Aug. ID. 1926. 
i) 1. c. 

5) Journalof Pathol. and Bact., July 1927, Vol. 29. NO. 3. 
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thicker than b. typhosus by the diffraction~method. As a rule the bacilli 
varied so much from known forms in their biochemical readions that no 
names could be given to them. In half of the cases it appeared th at their 
antagonism to b. typhosus was so strong that typhoid bacilli could not be 
kept alive together with them in any medium, even for a few hours. With 
the remaining twelve, differential filtration against typhoid bacilli was 
attempted, sometimes in brillantgreenpeptonewater, sometimes in WILSON 
and BLAIR'S medium, and in eleven out of the twelve in stances a pure 
culture of typhoid bacilli appeared in the outer tube. 

SUMMARY. 

The relative thickness of staphylococci and of bacilli of the coli~typhoid 
group can be determined by the diffraction~method of measurement 
described. 

The thickness of these bacteria remains constant under suitable 
conditions. 

Generally speaking, pathogenic representatives of the two groups are 
thinner than non~pathogenic ones. 

The explanation of FRIEDBERGER' s filterpaper~ascent experiments and 
of so~called sandfiltration of b. typhosus must be sought in differences in 
thickness of the bacteria concerned, and not in differences in motility. 

A technique is described which, by filtration through cotton waal. 
allows the separation of thinner microbes from thicker ones, and this is 
ca lied differential filtration. 

As b. typhosus is a particularly thin bacillus, differential filtra ti on of ten 
succeeds in separating b. typhosus from other bacteria. Where it fails to 
do so, the failure is usually due to the antagonism of the bacteria concerned, 
which has the effect of killing the typhoid bacilli before differential 
filtration can take place. In some instances a suitable filtration medium 
can counteract th is antagonism, but a medium which suits all cases has 
not been found. 

Pretoria. October 1927. 



Chemistry. - On the Accurate Measurement of the Specific Heat of 
Solid Substances between 0° and 1625° C. 11. The Specific Heat 
of Platinum and Tungsten. By Prof. Dr. F. M. JAEGER and Dr. E. 
ROSENBOHM. 

(Communicated at the meeting of October 29. 1927). 

§ 1. As first results obtained in the measurements made by the method 
described in our previous paper 1), we con;tmunicate in the following pages 
the data acquired in the case of the metals platinum and tungsten. 

In the first place the specific heat of pure platinum was determined. The 
material used consisted of the purest platinum exempt of iridium, as used 
by HERAEUS for thermo-couples and resistance-thermometers. A crucible K 
(see the previous paper Fig. 6) made of this metal. was closed by a cover 
furnished with a small hooklet h; moreover, a smaII tube m was fixed in 
this cover for placing the junction of the thermo-couple in it in such away, 
that this junction stood in the centre of the crucible. The latter was filled 
out with ten or twelve little spheres of the same metal. the total weight of 
the platinum thus being about 52.7 grammes. The vessel was suspended 
in the space of the furnace where this has no appreciabie temperature
gradient by means of an iridium-free platinum-wire d and heated to the 
desired temperature. When the temperature had remained constant during 
a long time, the platinum-wire d was at its lower end suddenly melted 
through by the aid of astrong electric current passing through it, which 
current was introduced the contacts zand the strong (2 mm.) platinum
wires x. The thus detached crucible passed the MARQUARDT-tube GG' and 
was caught in the calorimeter. Wh en the measurement was made, the 
weight of the crucible was every time redetermined, because the melting 
of the wire d eventuallycaused some liquid platinum to fall on thecover 
and because, moreover, at very high temperatures there is always some 
danger of a diminuition of the weight of the crucible bya slight volatilization 
of the metal in presence of the oxygen of the air. The results are coIIected 
in the following table land compared with those obtained by WHITE 2), 
who worked with another material and also used another kind of apparatus (a 

liquid-containing calorimeter) . The values of Cp necessary for the comparison 

are calculated by means of WHITE'S formula: cp = 0.03175 + 0.0000032 t. 
From our measuremeIits the values Q were derived, representing the total 
amounts of heat delivered between tO and 20° C. For calculating these 

1) F. M. JAEGER and E ROSENBOHM, These Proceedings. 30. 905. (1927). 
2) W. P. WHITE. Phys. Rev. (2) . 12, 436. (1918). 
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quantities also between t O and 0° c., GAEDE' s measurements 1) of Cp are 
made use of, which results can be represented, according to MAGNUS 2) , 
by the equation: Cp = 0.031054 + 13.6 . 10-6 • t - 0.028.10-6 • t2 ; 

20° 

from th is equation the value : 0.62373 is deduced for I cp' dt, so that 

the mean value of c" between 0° and 20° C. is calculated to be: 0.031186. 
In th is way the va lues Q o of the next column are calculated from the 
values Q . From three measurements of Qo, for in stance from those at 
301 ° ,933° and 1546° c., we have calculated the values Q'o of the next 
column, by means of the formula : 

Q'o = 0,03162 t + 0,00000308625 t2 + 0,000000000077751 t3
, 

which formula represents the vaJues of the total amounts of heat delivered 
between t O and 0°, in a really excellent way. 

From this formula the true specific heat cp at each temperature can be 
then calculated by the equation : 

dQ' 
Cp = dt 0 = 0,03162 + 6.1725.10- 6 t + 2,3325 . 1(}-IO. tl. 

This formula cannot be used beneath 150° c.; the deviations. it is 
true , are even then only smal!, but considerably greater than the degree 
of accuracy here attained. which is about: 0.1 % 3). 

The obtained values of the true specific heat under constant pressure have 
been graphically represented in Fig. 1 up to 1620° c., as weil as those 
from WHITE'S measurements up to 1300° C. and those obtained by 
MAGNUS at corresponding temperatures. Notwithstanding the fact th at 
WHITE used a different apparatus. his value, - for which he emphazises 
an accuracy of about 0.3 %, - appear to be nearly completely identical 
with ours: the greatest differences. which occur between 950° and 
1100° c., are no more than the uncertainty of 0.3 % mentioned, while they 
are, for the rest, not greater than 0.15 % or 0.20 % of the tot al values. 
This complete accordance of the results can he considered as a proof of 
the perfect correctness of the method used here and of the results obtained. 
Contrary to WHITE, who represents his results by means of a straight line, 
we have used for that purpose a feebly bent curve, . convex with respect to 
the temperature-axis. The va lues obtained by MAGNUS up to 850° c., 
appear to differ somewhat more ; more especially his cp - t-function, -
which, as with WHITE, is assumed by him as a linear one, - appears to 
have a rather strongly deviating direction towards the higher temperatures, 

I) W . GAEDE, Phys. Zeits. -t, lOS, (1902). 
2) A. MAGNUS, Ann. d . Physik, -t8, 998. (1915). 
3) MAGNUS ca\culates the true specillc heat Cp between 1300 and 8500 C. by means of 

a linear function: Cp = 0,03159 + 5,8468 . 10-6 • t. As in the temperature-Interval con
sldered here, - which has about the double extension, - the curve devlates already con
siderably from a straight Hne, we have preferred to make use of an equation with 3 constants. 
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TABLE I. 

Mean and True Specific Heats under constant Pressure for Platinum 
between 0° (respectiveIy: 150° C.) and 1604° C. 

~_U~ G_U;'; 1û~U~ .. 1û Flnal ~ëäg,..r9 "<:""; o ..'!! 6.1 .....; fa ra 
...r:::: [00 u- ., 

O~N~ .... "'0 Po. ~ uo en =' ..<: .. 
temp. Increase of Weight G Mean o$"O~ o~"t:S '" 8 ~U Temp. t Mean i'l0-g ~ 4"0 r: 0 ..... _ 0 ~ . ~ of ca- tempera- of the specilic r: ",,, §O "' ê. .... .- ° (corr.) specilic heat 6"t:S o'" 8 6"t:So 8 ~ ..... 

in oe. :. lorimeter ture f:"t heated heat 
Cp (WHITE): 

8., ..... 8 S., ..... 13 g]ca..o~ 0.4" 
co ti c:: E cG ti 5 e c:: 1-t d . ~ ., lil 

and observed : platinum: cp: _>~O> 
co 6) ~ ... 

~ ~ tiiÈ~CJ ->.,0>8 
platinum 19~ ~- 4"., - J:!;':::: ~- 0 ... 

c"O ........ ~~"~J:: f-t ~"t:S~.B f-t ~.B ...Q-

100° . 20° - - - 0.03186 _. - - -

210° .7 20°.35 0° . 22994 52.712 0.03247 0.03242 6. 1808 6.8154 6.8000 0.03293 

300° 20° - - - 0.03271 - - - -

301°.05 20°.59 0°.33984 52 .709 0.03265 0.03271 9. 1572 9.7993 9.8008 0.03350 

408° .3 20°.62 0°.47467 52 .706 0.03299 0 .03305 12 .7900 13.4330 13. 4300 0.03418 

500° 20° - - - 0 .03333 - - - -
504° .8 20°.81 0° .59864 52 .742 0 .03330 0.03336 16 . 1172 16 .7662 16.7583 0.03479 

577° .9 20°.93 0° .69352 52.734 0.03353 0.03360 18.6750 19.3277 19.3183 0.03526 

700° 20° - - - '0.03399 - - - -
707°.4 20°.91 0°.86486 52 .714 0.03393 0.03401 23.2926 23 .9447 23.9471 0.03610 

747° .8 21° . 14 0°.91930 52.717 0 .03406 0.03414 24.7500 25.4093 25.4039 0.03637 

869° . 1 21° .04 1°.08404 52.742 0.034045 0.03453 29 .2140 29.8701 29 .8632 0.03716 

900° 20° - - - 0.03460 - - - -

933° 21°.39 1° . 1734 52.737 0.03464 0.03473 31. 5786 32.2457 32.2504 0.03758 

945° .7 21° .33 1°.1903 52 .722 0.03468 0.03477 32.0576 32 .7228 32 .7286 0.03767 

1068° 21°.70 1°.3625 52.725 0 .03507 0.03516 36.6942 37.3709 37 .3849 0.03840 

1100° 20° - - - 0.03523 - - - -
1109° .8 21°.60 1°.4238 52.749 0.03522 0.03530 38.3200 38.9936 38.9989 0.03876 

1218° 21°.80 1° .5817 52.743 0.03559 0.03565 42.5670 43 .2469 43.2324 0.03948 

1300° 20° - - - 0.03592 - - - -

1302° 21°.97 1° . 7057 52.755 0.03588 0.03599 45.9260 46 .6111 46 .5724 0.04005 

1309° 21°.91 1°.7162 52 .752 0.03589 0 .03594 46 .1933 46 .8514 46 .8526 0.04010 

1374° 21°.96 1°.8137 52.767 0.03610 0.03614 48 .8079 49.4675 49.4741 0.04054 

1464° 22° .17 1°.9509 52.795 0.03637 0.03643 52 .40400 53.1314 53 1498 0.04116 

1546° 22° .27 2°.0721 52.736 0 .03665 0.03670 55 .80445 56 .5390 56.5467 0.04172 

1601° 22°.41 2°.1653 52.704 0 .03685 0.03688 58.2830 58 .9819 58.9790 0.04212 

The true specific heat at t O C. was, between 1500 C. and 1604° C., calculated from the equatioD : 

cp:;: 0.03162 + 6.1725.10-6 . t + 2.3325.10-10. t2• 

69 
Proceedings Royal Acad . Amsterdam. Vol. XXX. 
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in comparison with ours. At 600° C. the divergences of his va lues with 
WHITE'S and ours are already 1 %, at 850° C. about 1.5 %. Although 
probably these deviations are caused partially by inaccuracies in the 
temperature~measurements, - for MAGNUS has made use in his furnace 
of platinum containing iridium, which makes the indication of the thermo~ 
couples always more or less erroneous as a consequence of contamination, 
and, moreover, he has placed the hot junction of his thermo~element not 
in the crucible, but beside it, - it is, however, impossible that this should 
be the only cause. The inaccuracy in the temperature~indication would 
th en be no less than 40° to 75°, which cannot be supposed to have been 
the case. It is more probable that these differences are connected in some 
way with accidental impurities of the metal used. 

Treu Speci{ic 
Heat Cp 

0.00150 

0.04100 

0.03950 

0.03'00 

0.03650 

0.03l00 

! , ! I, I , 

I~O' ... JO,' 4l0' 600' 710' 

• Whife 
JOtgerin /loóen6ohm 

• #0!lnu/J 

Temperature 
,,11 ! 1 !! !I ,! I, 

900' 1050' 1/00' Ill0' lIDO' 1650' 

The true speci{ic heats Cp and c. of Platinum between 2000 C. and 16500 C. 

Fig. 1. 

The curve for the specific heat of platinum thus obtained appears to 
fit very weIl with that representing the data at lower temperatures 1) ; as a 
consequence the specific heat of platinum can now be considered as being 
exactly known from about - 255° C. up to 1625° c., i.e. within an interval 
of temperatures ranging over almost 1900°. 

§ 2. It is a remarkable fact that up to 1600° c., there is na indication 
whatsoever of a retardation in the increase of the atomie heat under 

1) F. SIMON and W. ZEIDLER, Zeits. f. phys. Chemie, 123, 196, (1926). 
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constant pressure Cp: this is found at 500° C. to be: 6.785 cal., and at 
1300°. c.: 7.816 cal., while at 1610° C. it is even found to be: 8.235 
calories, without approaching any limit evidently. Thus, if the specific heat 
at constant volume c. is calculated 1) from the general thermodynamic 
equation: 

_ 0,02345 . (3 a)2 • T 
Cp - Ci> - d " . . 

the considerable deviation from the theoretical value remains likewise. In 
rhis formula (3a) is the cubic expansion-coefficient, T is the temperature, 
d the specific weight and " the compressibility in kilogrammes pro cm 2 , 

- all quantities to be taken at the same temperature T. The values of 3a 
are calculated from HOLBORN and DAY's formula; those of " ue deduced 
from the data of BRIDGMAN 2) and of GRÜNEISEN 3); the last mentioned 
investigator has emphazised a probably linear dependenee between " 
and t. Perhaps this extrapolation of the experimental data up to higher 
temperatures is not wholly allowable; but as in each case " increases 
with the temperature, our conclusions will not be altered by eventual 
deviations in this respect, because the correct va lues of" can only lie in such 
a direction, that the difference between cp and c. would appear even 
smaller, than is supposed in the following considerations. We have used 
BRIDGMAN'S data for platinum-wire, which are exactly intermediate between 
those of GRÜNEISEN and BRIDGMAN'S values for platinum in bars, being 
somewhat smaller than GRÜNEISEN's numbers; the differences are, 
however, only very sm all and the dependenee of "on t in all three 
series of experiments seems to be about the same. 

In this way the following data are obtained for the specific heat at 
constant volume c. and for the true atomie heat C. of platinum between 
100° C. and 1625° C. (TabIe 11, p. 1074). 

The values of c. are also represented graphically in Fig. 1. It becomes 
clear in this way, that we cannot speak with certainty of any approaching 
of c. to a maximum value; it is, moreover, cIear that the value: C. = 
= 0.03049, corresponding to an atomie heat of 3 R = 5.963 calories, is 

I) M. PLANCK, Thermodynamik, 2nd Edit .. Leipzig, (1905), p. 118. The equation follows 

(au) (Ou)2 immediately from the general thermodynamical relation : cp - C. = - T op . aT 

1 (au) 1 (au) if it he rememhered, that : ;; oT = 3a and ,,= - ;; . op . IE" is expressed 

in kilogrammes pro cm2• (= 981 . 103 dynes) and the calorie = 4,183. 107 ergs is adopted 
as heat-unlty, the constant of the formula gets the value: = 0,02345. From the values 
of c., th us deduced . those of c. can he found immediately by multiplication wlth the 
atomic weight. 

2) P. W. BRIDGMAN, Proceed. Amer. Acad. of Arts and Sciences, 58, 183, (1923). 
3) E. GRONEISEN, Ann. der Physik, (4), 33, 1264, 1268, (1910); for" .106 we have 

used the values: at 100° C.: 0,367; at 5000 C.: 0,401: at 1000° C.: 0,442: at 
16000 C.: 0,492. The specific weight of platinum at 15° C. is: 21,34, 

69* 
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already attained below 0° C. The last fact c1early indicates that. the 
supposition of ten made, of an "emission of electrons", cannot be considered 
as explaining 1) of the surpassing of the value: 3 R. 

TABLE 11. 

Temperature True specific True atomie heat True atomie heat 
heat at constant under constant pres- at constant volume 

in °C.: volume cv: sure Cp: C. : 

1000 0.03142 6.293 6.130 

2000 0.03202 6.414 6.250 

3000 0.03256 6.537 6.355 

4000 0.03306 6.662 6.454 

5000 0.03353 6.785 6.~45 

6000 0.03386 6.912 6.610 

7000 0.03421 7.037 6.678 

8000 0.03448 7.165 6.731 

9000 0.03476 7.293 6.785 

10000 0.03500 7.421 6.831 

11000 0.03527 7.552 6.884 

12000 0.03550 7.683 6.930 

13000 0.03570 7.816 6.969 

14000 0.03591 7.949 7.010 

15000 0.03610 8.081 7.046 

16000 0.03626 8.216 7.079 

17000 
~] ~ 0.036il ~ 8.353 ~ 7.108 
~ ~ 

17550 &11 0.03651 8.427 7.124 

Another supposition is, that the abnormally great va lues of the specific 
heats in such cases would possibly be connected with some "heat of 
transformation" of the metal studied, which would be superimposed upon 
the quantity of heat given out by the hot body. But this supposition cannot 
stand the test either. We may remind the reader that no indication of an 

I) E. GRÜNEISEN, loc. cit.: F. RICHARZ, Zeits. f. anorg. Chemie, 59, 156, (1908); A. 
EINSTEIN, Ann. d. Physik, (4), 22, 180, (1907); P. DEBIJE, ibidem, (4), 39, 789, (1912); 
M. THIESSEN, Verh. d. d. phys. Ges .. 10, 950, (1908). 
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allotropie transformation in the case of platinum was ever found. although 
the metal has been studied in this respect with the greatest care by the best 
investigators in accordance with its prominent importanee as material in all 
constructions necessary for precision~measurements (gas~thermometry; 

electrie resistance~thermometry; thermo~electric measurements; etc.) . 
But. moreover. the exchange of heat in our calorimeter. takes place so 
rapidly. that. in the case of a slawly proceeding allotropie transformation 
there is no possibility whatsoever of the superposition of any appreciabIe 
heat~effect upon that caused by the cooling of the hot object. within the 
very short interval of time considered here. - this being only a few 
seconds. It is of interest. in this respect. to remember that such heats of 
transformation in the solid state. are usually only rather small quantities. 
while here deviations need be accounted for. whieh at higher temperatures 
represent 19 % and more of the values calculated. Even in the highly 
improbable case that the supposed transformation would have taken place 
with such extreme velocity. that it would have been completely finished 
within the few seconds in whieh the total heat~exchange between the heated 
object and the calorimeter has occurred. - a case in which a distinction 
made between a really "unary" and a "pseudo~unary" system would no 
longer have any real signifieance. - such great amounts of heat could not 
possibly have been given of in excess for all that. Moreover. in this case 
and in that of tungsten. where the same phenomenon is repeated. we have 
heated samples · of the pure metals during a long time at constant 
temperatures and than quenched suddenly in cold oil or mercury; the 
samples thus treated were then studi'ed by means of X~rays. But in the 
spectrograms thus obtained before or af ter the heating and quenching. 
na alterations whatsoever. be it in the intensity or in the place of the 
diffraction~lines. could be observed. Thus. for instance. the spectrogram 
(af ter HULL~DEBIJE; Cu~a-radiation) of a sample of the purest. pulverized 
platinum. which was heated at 1200° C. during several hours and then 
quenched in oil of 15° c.. appeared to have the same diffraction~images 
with the same relative intensities. and the same grating~constant ao. as a 
sample whieh had not been heated beforehand. 

And this complete identity of the spectrograms wasalso stated in the 
case of tungsten. heated at 700° C. during several hours. in comparison 
with that of a sample at room~temperature: no indieation whatsoever 
could be found of any change in structure or in density of the metal 
considered here. Therefore. the hypothesis mentioned before. must. in our 
opinion. totally be rejected. 

Such discrepancies between the experimental data and the theoretieal 
views as stated here. have in a few cases been found already by earlier 
investigators; but bij the present. very accurate measurements up 
to 1600° c.. these facts are now put beyond any doubt and cannot be 
ascribed any longer to experimental errors. Neither appears there to exist. 
as GRÜNEISEN (loco cit.) first pointed out. a constant ratio between the 
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linear expansion-coefficient a and Cp as. in the case of platinum. may be 
seen from the following data: 

Temperz.ture in °C.: I Ratio ~. 106 : 
Cp 

0° 285.6 

300° 276.7 

800° 270.4 

1300° 264.7 

1600° 261.0 

Evidently the ratio mentioned diminishes gradually with increasing 
temperatures. and this diminuition appears to be no linear function of the 
temperature. 

E 

§ 3. As in these measurements and the others it appeared ta be 

Fig. 2. 

necessary to reduce the measurements 
TIl between tO and 20° c.. to such 

between t O and 0° c.. - it was 
necessary. therefore. to extend the 

E method of measurement of Cp also 
between 20° and 0° C. For this 
purpose a separate calorimeter of 
simp Ie construction was made use of. 
which instrument is schematically 
reproduced in fig. 2. 

In a cylindrical vessel E. made of 
enamelled iron. and filled with small 
lumps of ice. a vessel Zn is placed 
coaxially. This vessel is made of 
plated zinc and shut by a lid D. 
equally filled with ice. A tube of 
porcelain. which can be closed by a 
stopper S. passes th is cover as weIl 
as a stirrer rand a calibrated 

BECKMANN-thermometer Th. which has scale-divisions of 0°.001 C. 
Within the vessel Zn and separated from it by two supports f and e. 

made fromebonite. a double-wa lied vessel A B of plated copper is placed 
coaxially with E and Zn; the wall A is internally. the wall B externally 
polished as perfectly smooth as possible. B contains 200 grammes of water 
W. into which the stirrer rand the BECKMANN-thermometer are immerged ; 
the heat of the object introduced is given out to this water. A and Bare 
both cIosed by means of ebonite covers Q and R. which have a coaxial 
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central perforation, the cylindrical channel of which can be shut by means 
of a stopper V. 

The object to be investigated is heated within a test~tube, which is 
placed within a waterbath with double walls and of such a construction, 
that it can be completely reversed at the moment, that the object heated 
at an accurately fixed temperature between 0° and 100° c., is dropped 
without any loss of heat into the porcelain tube of the calorimeter; and so, 
by instantaneous opening of the stoppers S and V, is introduced into the 
water of B. The required determinations take place in the wellknown way, 
as followed in the case of the usual calorimeters containing a liquid: the 
degree of accuracy reached is, although not so great as in the case of the 
big metal~calorimeter, plainly sufficient for determining the only small 
correction necessary for reducing the measurements to 0° c., in stead of 
to 20° C. 

§ 4. In the second place the specific heat of pure tungsten was deter~ 
mined by us in the same way. We had at our disposal the crystallized metal 
in a perfectly pure condition in the form of a thick prismatic bar; for it, 
and for some other metals we are obliged to Dr. HOLST and Dr. DE BOER 
of the laboratory of PHILIPS' Incandescent Lamp~Manufacture at Eindhoven, 
to wh om we once more wish to offer our sincere thanks also here again. 

The measurement of the specific heat of tungsten at higher temperatures 
appeared to involve many difficulties, which are chiefly caused by the 
fact, that the metal at temperatures exceeding 600° c., is very easily 
oxydized. The oxydation~product formed, which at lower temperatures is 
chiefly WOg, is above 900° C. by loss of oxygen gradually transformed 
into a dark, indigo~blue mixture of oxides, which, in its turn, at still higher 
temperatures is transformed into a pale greenish, beautifully crystallized 
mixture of other oxides, the composition of which are undetermined and 
which , moreover, at temperatures surpassing 13000 c., appear to be so 
volatile and consequently to sublime so rapidly, that up till now, all 
measurements had to be stopped at 13000 C. The sublimate thus generated, 
vehemently and very rapidly attacks the protective tubes of hard porcelain 
of the thermocouples and the parts of the furnaces containing silica and 
alumina; it was, therefore, also impossible to make use of a porcelain 
lining in the platinum crucible, in which the metal was heated here. Up to 
1300° c., - this being the highest temperature in this case, to which the 
measurements of Cp with tungsten could be extended, - platinum happily 
appeared not to be attached, however, by the heated metal. nor by one of 
its oxides; therefore, the said protective lining could, finally, be completely 
omitted here. The tungsten was brought into the shape of a compact, conical 
mass, weighing more than 52 grammes and exactly fitting into the platinum 
crucible; this lump was then cut into two halves parallel to a median 
plane, which, in the direction of the axis, were both provided with a half~ 
cylindrical excavation, thus forming together a channel through which 
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passed the prolongation of the platinum hook; by the aid of which the 
crucible was suspended in the furnace. Moreover. along the inner wal1 of 
the crucible. in one of the halves of the tungsten~piece also a cylindrical 
furrow was cut. in which fitted a smalI. thin platinum tube. fixed to the 
cover of the crucible and destined to hold the junction of the thermo~couple. 
In each measurement successively the following data were accurate1y 
determined: a. the weight of the platinum crucible with its cover before 
and af ter each experiment; b. the weight of the tungsten before the 
experiment; c. the increase of weight of the tungsten af ter the experiment. 
as a consequence of its oxydation ; d. the final weight of the remaining 
tungsten and that of the oxides formed in the experiment. being both first 
separated from each other as completely as possible. 

The specific heat of W0 3 at lower temperatures was also measured. 
Soon it became clear. however. that by loss of oxygen. besides this oxide. a 
number of lower oxides of unknown composition is formed (W20 5 • 

W0 2 ?). forming together the components of a mixture at each 
temperature in equilibrium and recognizable by particular colours. ranging 
from pale yellow to dark indigo~blue. intermedially. passing through 
yellowish grey and a dull green hues; above 1300° C. this mixture is 
finally transformed into a beautifully crystallized. pa Ie greenish and highly 
volatiIe mass. As the composition of the intermixed oxides and their mixing 
ratio are unknown, the correct ion of the observed data, necessary as a 
consequence of the oxidation of the metaI. could only be applied by 
measuring preliminarily the specific heat of the mixtures of oxides. 
obtained by heating the tungsten~oxide during a long time at exactly the 
same temperatures as those at which the specific heat of the metal was 
determined, so that equilibrium was really established. As in the 
measurements executed with the metal. every time the total quantity of 
the mixture of oxides formed was determined, it was possible to apply the 
smal1 correction looked for, as soon as the specific heats of the equilibrium~ 
mixtures of the oxides were known. 

In the fol1owing Table 111 the results are put together, obtained in the 
measurement of the specific heats of W0 3 and of the yellowish green 
mixtures of oxides between 500° and 900° c.; those, of the specific heat 
measurement between 1000° and 1300° c.; of the blue mixtures of oxides, 
produced above 925° c.. and, finally, the data concerning the specific heat 
of the yellowish green mixtures of oxides between 20° C. and 2°.70 C:, 
which last numbers were obtained by means of the apparatus reproduced 
in Fig. 2. Although not complete, these data are fully satisfactory for the 
said purpose. Calculations show. that between 0° and 900° C. the true 
specific heat cp of the yellowish green mixtures of oxides at each 
temperature tO can be readily expressed by the formula : 

Cp = 0.0503755 + 0.13644. 10-3 • t- 0.0490476.10-6. t2. 

If this formula be applied for the calculation of the mean specific heats 
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TABLE 111. 

Determination of the mean specific heat of the yellowish green and of the blue 
mixtures of tungsten-oxides between 0° and 1300° C. 

A. Yellowish-green mixtures of oxydes. 

I. Mean specific heat between 2°.70 C. and 20°.38 C. : Cp = 0.0558. 1) 

2. Measurements above 500° C.: 

Weight (in grammes) of Final Furnace-
Meanspec. 

platinum crucible (g) and of temperature tempera- 6t Cpt·mPt+cox·mox: heat ~ of 

the mixture of oxides (p) : of the ture: the mixture 
calorimeter : of oxides: 

g=23.2696 ; p= 8.1810 20°.48 516° 0°.5063 0.7756 + 0.6757 0.08259 

g=23.2696 ; p= 8.1816 20°.73 721° 0°.7625 0.7907 + 0.7556 0.09235 

g=23.2720; p= 8.1861 20°.99 908° 1°.0141 0.8043 + 0.8192 0.10007 

B. Dark blue mixtures of oxides. 

g=23.1000; p= 15 .3448 2) 21°.78 1097° 1°.8024 0 .8124+ 1.5673 0 . 1021 

g=23. 1070; p = 15.3634 22° .16 1292° 20 .1842 0.8284 + 1.6140 0.1050 

of the blue mixture of oxides at 1097° C. or 12920 C. respectively, then the 
values calculated 3) in this way appear to be considerably greater than 
those observed. This means, that indeed, above 925 0 C. other solid phases 
have appeared in the dark blue mixture. for which th ere exists another 
connection between the specific heat and the temperature, than th at, which 
is valid in the case of the yellowish~green oxides. 

§ 5. With the aid of all these data, it was now possible to determine 
the specific heat of metallic tungsten up till 13000 C. as completely as 
possible. The respective data are collected in Table IV. 

I) In this experiment we used 12.7052 grammes of the yellowish-green mixture of oxides 
in a brass vessel weighing 4.6392 grammes. 

2) The crucible contains about twice the weight of oxides mentioned sub A , as a 
consequence of the much greater density of the blue oxides in comparison with th at of 
the yellowish-green ones. 

3) IE the total amount be taken into account. which is given out by the yellowish green 
mixture of oxides between 20° and 00 C .• - then for Qo. i.e. the total amount of heat 
glven out by I gramme of the mixture of oxides between tO and 0° C.. - the values 
are found: at 516° C .. 00 = 41.9115 calories; at 721°C .• 00 = 65.6567 calories ; and at 
9080 C .• 00 = 89.7466 calories. 

By experiment for the blue mixture of oxides a value of 00 is found of about 111 
calories by 10970 C .. and of 134.5 calories at 12920 C. But if the equation mentioned, 
in lts integrated form. remained valid also for the blue mixtures. then the data 116. resp. 
1 H calories are ca1culated. - which values are 4 to 7 % too high. 



TABLE IV. The mean and true specific heat under constant pressure of tungsten between 0° e. a-nd 1300° C. 

A. Measurements of the speciSc heat of tungsten between 0° C. and 85° e. 
Used 1.3054 grammes of the metal. For the mean specific heat Cp were found the following numbers: 

between 19°.45 C. and 0°.42 c. : Cp = 0.0271. 
between 53°.75 e. and 0°.79 e.: cp = 0.0276. 
between 83°.79 C. and 0°.46 e.: Cp = 0.0278. 

The true speciSc heat between 0° and 85° e. can be represented by: Cp = 0.02659 + 0.0000694 . t. 

B. Measurements between 300° and 1300° C. 

Final G=Weight of Q (cal.) Qo (cal.) 
Corr. "' t platinum Total amount Total amount 

True speciSc heat i Furnace- tempera- (increase g= Weight of CPt . mPt + Cw . mw + Mean specilic of heat deli- of heat deli- Q'o (cal.) 
ture of heat of vered by 1 gr. vered by 1 gr. Values of Qo Cp of tungsten tempera-

the calori-
of temp. tungsten + Cox . mox : tungsten Cp: 

tungsten tungsten Erom formula: at tO c.: turein oe.: observed) : p=Weightofmix- between tO and between t O and 
meter: ture of oxides 20° e.: 0° c.: 

306°.7 20°.48 0°.4656 G = 23.292 Gr. 0.7609+1.5492=2.3101 0.02958 8.4664 9.0327 9.0324 tO : Cp: 

g = 52.249 Gr. 100" 0.02876 

408° 20°.59 0°.6408 G=23.292 Gr. 0.7684+1.5804=2.3488 0.03025 11. 7192 12.2885 12.2837 200? 0.03006 

g = 52.249 Gr. 300° 0.03136 

505° 20°.71 0°.81441 G=23.292 Gr. 0.7756+1.6125=2.3881 0.03086 14.9452 15.5179 15.5099 400° 0.03261 

fJ = 52.249 Gr. 500° 0.03393 

602° 20°.95 0°.99262 G=23.270 Gr. 0.7819+1.6439=2.4258 0 .03146 18.2800 18.8593 18.8796 600° 0.03522 

g = 52.251 Gr. 700° 0.03651 

I 721° 21° . 16 1°.2222 G=23.265 Gr. 0.7906+1 .6576+0.0316= 0.03218 22.5211 23.1062 23.1650 800° 0.03782 
I 

g = 51.516 Gr. = 2.4798 900° 0.0391 4 

p = 0.342 Gr. 
909° 21°.54 1°.5866 G=23.268 Gr. 0.8044+1.6685+0.0659= 0.03347 29.7036 30.2992 30.3113 1000° 0.04047 

g = 49.898 Gr. = 2.5388 llOOo 0.04183 

p = 0.659 Gr. 
1097° 22°.06 2° .1094 G=23.281 Gr. 0.8188+1.7808+0.1866= 0.03469 37.2891 37.8991 37.9286 1200° 0 .04322 

g = 51. 399 Gr. = 2.7862 1300° 004463 
I 

p = 1.827 Gr. 
1292° 22°.80 2°. 4132 G = 23.312 Gr. 0.8357+1.6918+0.1714= 0.03587 45.5259 46.1563 46.3411 

g =47.196 Gr. = 2.6989 

p= 1.630 Gr. 
--
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The va lues of Q'o can with sufficient accuracy be represented by 
the equation : 

Q'o = 0.0274412. t + 0.066336.10-4 • t2 - 0.030496. 10-8
• t3 + 

+ 0.016953. 10-11 • ti. 

The true specific heat cp of tungsten at each temperature of ta c.. can. 
therefore. be calculated from: 

Cp = 0.0274412 + 0.132672. 10-4 t - 0.091488. 10-8
. t2 + 

+ 0.067812. 10-11 • t3
• 

The values of cp calculated in this way are reproduced in Table IV in 
the last column; the coefficients of t2 and t3 have a small influence only. 
but cause the temperature-coefficient of Cp to increase gradually at higher 
temperatures. although only very slowly. 

In Fig. 3 these values are reproduced graphically in their dependence 
on t: the curve appears readily to be substituted for practical purposes by 
a straight line. thus cp being sufficiently' accurately expressed by the 
linear function : 

cp = 0.02744 + 0.0000132. t. 
The curve is only slightly concave towards the upper side of the figure . 

§ 6. The values of Cp determined here strongly deviate from those 
obtained formerly by other investigators by means of indirect methods. and 
especially by measurements executed with evacuated electric incandescent 
lamps 1). In a method originally proposed by CORBINO. later-on improved 
by WORTHING and GAEHR. and applied with some variations by SMITH 

and BIGLER. and by BOCKSTHALER. use is made of observations of the 
changes in radiation. in electrical resistance and in temperature of a thin 
tungsten-wire. in their dependence on the time elapsed since the moment. 
at which the current-intensity in the wire is suddenly altered. Although 
the method is ingenious in its device. it cannot give the conviction of 
its allowing the exact and reproducible determination of the values of Cp' 

In the equations valid here. cp enters only as a factor in a single term 
standing besides some others. in which a considerable percentage of the 
whole effect observed is expressed. Moreover. the method is very 
complicated and there are many sources of error; so that the lack of 
agreement of the data of different observers and even of the same observer 
at different temperatures. as weil as the mysterious discrepancies in the cases 
that the wire is either heated or cooled. in connection with the necessity of 
measuring the temperature of the wire at any moment by means of an 

I) M. V. PIRANI. Verh. d. d. phys. Ges. H. 375. (1912); O. M. CORBINO. Phys. Zeits .• 
13. 375 (1912); A. G. WORTHING. Phys. Review. (2). 12. 199 (1918); P . F. GAEHR. 
ibidem. 396; K. K. SMITH and P. W . BIGLER. ibid .. 19. (1922).268; L. J. BOCKSTHALER. 
ibid .• 2S. (1925). 677. 
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optica 1 pyrometer, etc., - are 50 many circumstances to rouse serious 
doubts about the reliability of the whole method and the results obtained by 
it. On the contrary, in our direct and thoroughly perfect determinations of 
the specific heat, experimental errors of any considerable size are excluded 
beforehand; 50 that they can only be considered as of secondary 
significance in the explanation of the differences mentioned above. 
Moreover, up til! 721 ° c., the oxydation of the compact, crystallized metal 
does not yet play a role of any importance, the correction for it being, 
therefore, negligible even at this temperature; the results obtained between 
0° and 20° C. by direct measurement are in full agreement with the best 
data found in literature and those above 721 ° C. are as perfectly fitting 
in with the values for cp determined below 721 ° c., as can be desired. 
We have the conviction, therefore, that the data gathered here by us by 
the aid of direct measurements, are to be considered as much more reliable 
than those obtained by the indirect methods described in the above. 

§ 7. On the other hand, MAGNUS and DANZ 1) have recently published 
the results of a number of measurements, - also direct, - of the specific 
heat of tungsten between 400° and 900° c., which, however, are in complete 
disagreement with ours. They find, it is true, also a linear dependence 
between cp and t ; but the straight line by which their results are represented 
graphically, is much less steep than ours, although their values are 
considerably greater, 50 that the said straight line of the German investigators 
in its whole extension is situated far above that of Fig. 3. At 600° C. their 
value for cp is about 13 %, at 100° C. no less than 30 % greater than ours : 
moreover, they calculate, by extrapolation, a value for cp at 0° C. of : 
0.03685, which is about 34 % too high in comparison with our value 
really measured at that temperature, - which value, as has been remarked, 
is in close agreement with that of other observers. In connection with these 
data, they find then, furthermore, the abnormally high values of the 
atomic heat Cp published by them: at 0° C. this value would already be : 
6.78. and attain even : 7.7 at 900° c. ; etc. 

In our opinion, the cause of this apparent incompatibility of results and 
of the abnormal va lues for Cp is easily understood, if the difficulties 
met with in these measurements, as described in the above, be remembered. 
In the first place an inaccuracy in the indication of the temperatures, as a 
consequence of the use of iridium-containing platinum in the furnace, may 
again have had some influence. But of much more importance is the fact, 
that MAGNUS and DANz have repeatedly made use in their experiments of 
heated tungsten in powder- form. In the beginning of our experiments 
already it became quite clear to us, that the metal in powder-form is 
absolutely inappropriate to this kind of measurements : not only, that on 
heating equal weights of tungsten in powder-form and as a compact, crystal-

. 1) A. MAGNUS and H. DANZ, Ann. der Physik, 20, i15, (1926). 
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lized metallic bar at 1000° C. during 15 minutes, was in the first mentioned 
case totally converted into an oxydation~product, while in the second 
case it was only at its outer surface coated with a thin layer of oxides; but, 
moreover, we found that the metal in powder~form on being heated for a 
long time at so low a temperature as 300° C. only, was for oy far the 
greater part already oxydized, while the compact bar, being of the nature 
of one single crystal, was not yet attacked at all. Therefore, in using the 
metal in powder~form, MAGNUS and DANZ already af ter their first heating 
it at 600° c., must have experimented with a preparation, which for by far 
its greater part must have consisted of a mixture of oxides; and in their 
successive experiments, this must have been converted al most completely 
into those mixtures of oxides, which at the same temperatures exist in 
equilibrium with the metal. In their measurements, therefore, probably no 
metallic tungsten at all was present any more; thus, not only the ratio 
Wo: Wo~oxide was altered, as they suppose, during their experiments, 
but also the degree of oxidation of the mixture was changed. And that 
there is here not only a question of one single oxide W0 3, but of a 
complete mixture of several oxides, the composition of which depends on 
the particular circumstances during the heating, - has been fully 
demonstrated by us by a series of experiments. Already at 600° C. the 
results obtained appeared to be quite erroneous, if the quantity of oxide 
formed was calculated from the amount of oxygen taken up by the 
sample, under the wrong assumption, that exclusively W0 3 was formed 
in this case. It is exactly because of these experiences in the true nature 
of these oxidation~processes, that we finally passed on to determine the 
specific heats of the equilibrium~mixtures of these oxides separately and 
to measure not only the amount of oxygen taken up, but also the weight 
of the remaining metal and that of the mixture formed, for the purpose of 
applying the necessary corrections. The too high results of the German 
observers are fully comprehensible from the me re fact, that the specific 
heats of these mixtures of oxides are, at each temperature, much higher 
than those of the tungsten itself. It becomes also clear in this way, why their 
cp-t~line, obtained by an extrapolation towards lower temperatures from 
wrong values observed at higher ones, must be entirely be situated above the 
normal straight line: for the observed values used do not bear upon the metal 
itself, but on the much higher values for the mixture of oxides, - or for 
th is plus some remaining metal, - which at the same temperatures coexist. 
It is clear that this extrapolation must th en lead to values at lower 
temperatures, which are much too high, so that the straight line drawn in 
this way must have a much less steeper inclination with respect to the 
t~axis, than that obtained by us by direct measurements. Neither does the 
value of Cp at 0° C. published by the said authors agree with the value 
found by direct measurement at that temperature. 

§ 8. IE now we consider the dependence stated here of the specific 
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heat of tungsten on the temperature, we can say that there appears to be 
present no indication whatsoever of an eventually occurring allotropie 
transformation of the metal between 100° and 1300° C. From the behaviour 
of tungsten towards elastie and stretching forces, some Ameriean 
investigators 1) of the General Electrical Company in Schenectady were 
induced, however, to assume the presence of a kind of transformation~points 
at about 560° C. and at 1375° c., at whieh temperatures the metal seemed 
to manifest certain discontinuities in its tensile strength, etc. considered as a 
function of the temperature. But in connection with those experiments, it 
remains highly doubtful. whether the mechanieal properties of the metal 
under these circumstances must be ascribed to a mere change in the mutual 
orientation of the microscopieal crystalline individuals with respects to 
each other under the influence of the applied external forces, or whether 
real "allotropie transformations" , - in the sense of the doctrine of 
heterogeneous equilibria, - are taking place here. The Ameriean authors try 
to corroborate their view by means of a partièular interpretationof their 
results of the measurements regarding the thermal expansion of the metal. 
These numerical results are, it must be l'emarked, in perfect agreement with 
those formerly obtained by WORTHING 2) and expressed by him between 
300° (abs. ) and T o (abs.) by means of the formula : 

LT = L300 11 + 4.44. 10-6
• (T -300) + 

+ 4.50 . 10-11 • (T -300)2 + 2.2 . 10-13 (T -300)31, 

in which LT is the leng th of the tungsten-bar at TO (abs. ) and L300 at 
300° C. abs. 

The dependenee of the linear thelmal expansion-coefficient a on t 
(in ° C.) , can, therefore, also be represented by the expression : 

a. 106 = 4.4402 + 0.09034 . 10-3 • t + 0.663 . 10-6 • t2 

Now the Ameriean investigators divide this curve into three separate 
parts, along whieh a and t would show a linear dependenee : between 
100° and 577° C. this coefficient would constantly be: a = 4.50. 10-6 ; 

between 577° and 1377° c., a . 106 would be: 5.20 till 5.70 ; while above 
1377° (up to 2220° C.) a would be: 7.27 . 10- 6 • Now it is clear, that it 
remains wholly questionable, whether such a division of a curve into recti
linear parts in this way, has any real sen se at all, and whether this has not 
occurred solely with the purpose to give an apparently stronger support 
to the premise, that the results of the measurements of the tensile 
strength as a function of the temperature must run parallel with an 
analogous localisation of discontinuities in the temperature-functions of 
other properties also of the metal studied. The exposition given is not 
suitable indeed, to convince the reader of the exactness of the view proposed. 

I) Phil. Mag. -t8, 245 (1924); cf. p. 245 and 246. 
2) A. G. WORTHING, Phys. Rev., (2) 10.638 (1917). 
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In every case it is quite certain, that in our results concerning the specific 
heat of tungsten and its practically linear dependence on tempera tu re, 
there can be na question of any discontinuity manifesting itself at 5500 

or 5700 c.; above 13000 C. the experiments were not continued because 
of the reasons already mentioned, so that a decision about the occurrence 
or non~occurrence of a transition~temperature above 13750 c., could as 
yet not be taken with certainty. Moreover, the ROENTGENographic study 
of the heated tungsten, as formerly described, gives full proof of the fact, 
th at na allotropic transformation occurs between 5600 and 7000 C. 

§ 9. By means of the same general relation as that mentioned in the 
case of platinum, we have calculated the values of c. at each temperature 
from those of Cp' For the calculation of the cubic expansion~coefficient 
of tungsten, we have made use of WORTHING's formula for the linear 
expansion, because this gives numbers identical with the measurements of 
the observers of the General Electrical Campany mentioned above. 
Moreover, measurements of the compressibility " are made by BRIDGMAN 1) , 
though only for two temperatures: 300 and 75 0 C. But in the first instance, 
it is, according to GRÜNEISEN' s arguments, highly impröbable, that 
appreciable deviations of linearity would be present here; moreover, the 
temperature~coefficient of " is only very small, and as a consequence of the 
small thermal expansion, the whole correction~term for (cp-c. ) has, in 
the case of tungsten, a small value only. Therefore, the principally 
unallowable extrapolation of the supposed linear ,,-t~function can only 
cause insignificanterrors, and the rea 1 values of c. can, moreover, he 
only somewhat greater, but cannot be smaller than those calculated here 
in this way: for the correct va lues of " can be only greater than those used 
here, so that, in that case, (cp-c.) would be still smaller, than it has 
been found to be here. 

If these considerations are taken into account, and if for the specific 
weight of tungsten in bars at 150 C. the value : 19.137 is adopted, the 
values of c. and the corresponding ones of the atomie heat: A. c., are 
calculated from our measurements of cp for a series of temperatures 
between 1000 and 13000 C. and put together in Table V. Moreover, the 
values of Cp and c. in their dependence on the temperature, are graphically 
represented in Fig. 3, from which the practically linear course of both 
curves is immediately seen. 

From these data it becomes clear, in the first place that, - just as in 
the case of platinum, - the maximum value of 3 R =5.963 calories is 
already attained at a relatively low temperature (about 4000 C. here) 
and gradually increases to 7.99 or 8.0 calories at 13000 C. As c. varies 
practically with t in a linear way, no indication is found of a gradually 

1) P. W. BRIDGMAN, Proceed. Amer. Acad. of Arts and Sciences, S8, 165 (1923): 
idem, Proceed. of the Nat. Acad. of Sciences, 8. 362 (1922) : 10. 412 (1924). 
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TABLE V. 

Values of the true specific heat of tungsten at constant 
volume and of the atomie heat: A. c. at temperatures 

between 00 and 13000 e.: 

Temperature in oe. : I c. (in calor.) : 
I 

Atomie heat C. 
(in calor.) ; 

0° 0.02730 5.023 

100° 0.02847 5.239 

200° 0.02976 5.476 

3000 0.03098 5.700 

4000 0.03229 5.941 

500° 0.03355 6.173 

600° 0.03475 6.394 

7000 0.03601 6.625 

8000 0 .03724 6.853 

9000 0.03850 7.081 

10000 0.03958 7.283 

11000 0.Oi066 7.482 

12000 0.04162 7.658 

13000 0.04347 7.998 

approaching a limiting value at higher temperatures. and in appearance 
th ere is probably no such limiting value at all. From these results in the 
case of platinum. as weIl of tungsten. the conclusion must again be drawn. 
that the modern theories of specifie heat postulating the existence of such a 
limiting value of 3 R. for the atomie heat at constant volume. cannot be right. 
BORN and BRODY 1) have tried to give such an extension to the 
considerations of the theory of quanta leading to those theories of specifie 
heat. as to make th is limiting condition unnecessary. 

Taking into account the unharmonic character of the oscillations at higher 
temperatures. at whieh the amplitudes of the oscillators become rather great. 
they are able to derive an equation for C. of the form: C. = 3 R. 
( 1-6 . a . R.T). in which a can ordinarily be negative. according to these 
authors. so that C. might eventually surpass the value of 3 R.. The factor 
a =a' + a". of which terms a' is always < 0 and a" > O. the sum of both 
being negative. therefore. if the absolute value of a' be greater than that 
of a". But a' is connected with the terms for the potential energy of the 

1) M. BORN and E. BRODY. Zeits. f. Physik. 6 (1921). 136. 
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system of the 3rd , aH with those of the 4th order, the factors represented 
by a' allowing more in particular for the therm al expansion of the substance. 
From this the conclusion must be drawn, that such a linear increase of Cv 

True Specific 
He!lt Cp 

O.OHOO 

150 300 450 600 750 

Temperature 

900 10SO 1200 13.50 

The true specific heats Cp Bnd c. of Tungsten between 00 C. Bnd 13000 C. 

Fig. 3. 

and t above the value 3 R, would occur principally with substances, whose 
thermal expansion is considerable. 

Our experiments teach us the opposite: exactly in the case of platinum 
with its very sm all expansion-coefficient and even more so in the case 
of tungsten, whose thermal expansion-coefficient is still smaller, we found 
the greater deviations. The ex ten sion of the theory mentioned, therefore, 
cannot yet satisfactorily account for the true behaviour of these substances 
at higher temperatures, which phenomena are now established here beyond 
all doubt 1 ) . 

Therefore, jf these phenomena should appear to be generally 
observed, it would be inevitable to modify the fundamental conceptions 

1) In a recent paper (Die NBturwissenschaften, IS, (1927) 825), A. SOMMERPELD points 
out, th at the electronic motion of the metal at higher temperatures, can probably contribute 
no more than about 1/100. R to the increase of C. above the siJpposed maximum value. 

70 
Proceedings Royal Acad. Amsterdam. Vol. XXX. 
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conceptions of the theory in such a way, that the limiting condition in 
it, discussed in the ahove, can he eliminated from it, although in that case 
no rational explanation of DULONG and PETIT's well-known empirical rule 
could any longer he given. 

We are occupied in extending these investigations also to other 
chemical elements. 

Groningen, Laboratory tor Inarganic and Physical 
Chemistry ot the University. 



Physics. - On the Variability of Old Standard Kilogrammes. By Prof. 
L. H. SIERTSEMA. (Cammunicated by Prof. P. ZEEMAN.) 

(Communicated at the meeting of October 29, 1927) 

In 1886 a number of old standard kilogram mes were weig hed by J. A. C. 
OUDEMANS 1), who examined at the same time in how far these had 
changed in value af ter a great number of years. The preparation of 
standard kilogrammes for the Inspection of Weights and Measures by the 
Committee of Supervision of the standards of the metre and the kilogramme 
(kilogramme-metre Committee), through which the Committee at the same 
time came into possession of secondary standards, which had been 
compared with the Dutch platinum-standard kilogramme, was an 
inducement to undertake again a similar investigation. The variability of 
the kilogrammes weighed by OUDEMANS could now be ascertained more 
fully than before, since more earlier weighings, and more reliable anes are 
at our disposal in consequence of OUDEMANS' work. 

Besides OUDEMANS' weights a number of athers have been included in 
the investigation. 

The determinations of weight have been perfarmed with a simple balance 
of BECKER'~ Sons of the physical laboratory of the Technical University 
at Delft. This balance has no particularly great sensitiveness, but on the 
other hand it is very constant. The graduation, in mm, was read with 
a telescope, erected at about a metre's distance from the balance, to 1/20 

of the scalar divisions. Each position of equilibrium was derived from th ree 
points of inversion taken as soon as the series of points of inversion showed 
regularity. The weighing has further been performed according to GAUSS' 
method of transposition. Af ter a position of equilibrium had been determined 
a few times with sufficient uniformity, the weights we re changed, again 
positions of equilibrium we re determined, and this was continued till a 
series of values was obtained, which were in good harmony with each 
ot her. Then a scalar value was determined. Before and af ter each series 
of weighings two thermometers and a hygrometer, which were placed 
in the balance case, and a mercury barometer, erected in the same room, 
were read. 

Of a coup Ie of the weights examined the volume was not known, so this 
had to be determined first. For this purpose the same balance was used 
with auxiliary apparatus for hydrostatic weighing corresponding to those 
that have been used for similar weighing experiments in the Bureau inter
national des Poids et Mesures 2). In such weighing there is almost always 

1) Vers\. en Med. K. Akad. v. Wet. Amsterdam, (3) 3 (1887) p. Hl; .. (1888) p. 97. 
2) Cf. Trav. et Mém. du Bureau int. des poids et mesures part 2. 

70* 
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some loss of weight, which amounted to as high a value as 12 mg in 
weighings of kilogramme~weights by STAMKART 1) . In order to eliminate 
a possible cause of this, care was always taken that the weights in the 
water rested on amber, so that there is no conductive connection with the 
metal of the suspending frame, and no danger of electrolytic actions. 
Before the hydrostatic weighing the weights have been carefully weighed, 
so that their loss of weight is known. It has appeared that, as OUDEMANS 
found, there was in the older weights always an appreciable loss, probably 
because in the course of years the surface of the weights will not have 
remained perfectly clean, and was cleaned now. In new weights the 
variation of weight was, on the contrary, insignificant. 

In the table on the next page all the weights treated, also the above~ 
mentioned standards of the Committee and the standards of the State 
Mint, have been inserted. 

Most of these weights have been treated in papers by MOLL 2). 
STAMKART3), OUDEMANS, and HOITSEMA 4), and kindly put at my 
disposal by the said institutions for this investigation. It is notewortly that 
the kilogrammes LlO' v Sw and Aen, made by FORTIN, were brought 
from Paris by VAN SWINDEN in 1799, thus being among the oldest kilo~ 
gramme~weights. The weight LlO was then presented to the government 
of the Batavian Republic, and servoo as leg al standard of weight from 
1819 to 1839. 

The weights A, B, and C came from Paris with the platinum standard 
kilogramme in 1839. 

The weights have been combined into groups of four or five. of which 
every weight was compared with each of the others. and from which then 
the difference of weight with one of them was derived. Thus the following 
groups we re formed. The mean error reached is every time indicated. 
By Pt the Dutch platinum standard kilogramme is denoted: for its 
volume 47122 mm3 is taken at 15° C. 

Groups: I. 11, lIl. P". Pt m.e. = 0.06 mg 

A. B. C, P" .. = 0.06 .. 
Lv L2 • L3' I .. = 0.11 .. 
L10' v Sw. Aen. 11 .. = 0.07 .. 
Fl' F 2 • G 2 • I .. = 0.09 .. 
St 1. St 2. St 5. I .. = 0.08 .. 
SI. Contr. Del. I .. = 0.07 .. 
St 6. St 7. K I, I .. = 0.05 .. 

1) Cf.OUDEMANS, Vers!. en Med. K. Akad. v. Wet. Amsterdam, (3) 3 (1887) p. 173. 
2) G. MOLL, Bijdragen tot de natuurk. wetenseh. 6 (1831) p. 119. 
3) F. J. STAMKART. Cf. Vers!. en Med. K. Akad. v. Wet. Amsterdam. 6 (1857) p, 92; 

7 (1858) p. 32. 
i) C. HOITSEMA. Muntverslag over 1902, p. 113. 



A. BRASS WEIGHTS. 

Old name Property of Prepared Form 
I 

Surface Remarks 
in 

Committee 1909 sphere gilt Secondary standard 

11 I) 

III 

LIO Insp. W. and Meas. 1799 cyl. w. knob bare Legal stand. 1819-1839 

vSw kg of v. Swinden Nat. lab. Utrecht 

Aen kg of Aeneae Insp. W. and Meas. 

FI kg of Fortin Nat. lab. Utrecht ± 1800 

F2 kg of Fortin Insp. W. and Meas. ± 1800 

M kg of Gandolfi State Mint ± 1810 

SI Slaper 1818 lacquered 

Contr Contraslaper 

A Insp. W. and Meas. 1838 cylinder bare 

B Nat. lab. Leiden 

C Insp. W. and Meas. 

Del kg of Deleuil State Mint 1837 cyl. w. knob 

S 1839 lacquered 

LI Nat. lab. Leiden 1838 

L2 unknown 

L3 

KI K. Ak. v. Wet. bare 

St1 NO 1 (Oudemans) Teyler's Gen. 1856 cylinder with gilt The kg St. have been made 
screwed-on kn according to STAM KART' s 

direction 
St2 NO 2( K. Ak. v. Wet. 

St5 NO 5 ( Nat. lab. Utrecht 

St6 NO 6( Gron. 

St7 NO 7 ( Amst. 

pil Delft 1872 

V State Mint 1899 sphere Present standard of Mint 

B. GLASS WEIGHTS. 

G2 K. Ak. v. Wet. 1856 bottle w. Hg 
OUDEMANS' comparing 

weight 

G I State Mint 1886 Cf.OUDEMANS l.c., p. 252 

1) Handed over to the Inspection of Weights and Measures in Holland. 
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The kilogrammes M. S. V. and G 1 of the State Mint had been weighed 
already before. 

A full account of the weighings and the calculations is found in the 
Archives of the Committee. here only the results will be given. Under 
the heading "mass" it is stated in the following tab Ie how much this is 
greater (+) or smaller (-) than that of Pt. 

1. Weights of the Committee: 

II 

Vol. in mm3 

118868 

118828 

At temperature Mass in 1926 

+ 1.32 mg 

- 0.21 .. 

III 118860 H° + I. 59 .. 

2. Kilogrammes that have also been compared by OUDEMANS. The 
volumes have been determined by STAMKART and by OUDEMANS. 

Volume in At Ob- Mass in mg 

mm3 

I 
Change per year 

temp. server 1886 1926 

v. Sw 123312 0° O. + 0.19 + 0.74 + 0.01 

FI 126060 0° O. + 152.36 + 186.49 + 0.85 

SI 119127 0° O. + 40.78 + 39.90 - 0.02 

Contr 119043 0° O. + 47.06 + 46 .21 - 0 . 02 

B 122424 0° O. + 0.05 + 2.85 + 0 . 07 

Del 129449 0° O. + 573.83 + 716 .94 + 3.58 

S + 59.79 (+ 2.3)1) 

LI 122553 0° O. - 14.66 - 12.19 + 0.06 

L 2 122347 0° O. + 54.47 + 56.58 + 0.05 

L3 123327 0° O. - 40.32 - 39.60 + 0.02 

KI 122050 0° O. + 77.43 + 84.74 + 0 . 18 

St 1 121615 0° St. + 1.14 + 1.58 + 0.01 

St 2 120816 0° St. - 12.23 - 11.71 + 0.01 

St5 120169 0° St. - 2.73 - 2 .92 - 0.00 

St 6 122710 0° St. - 2.05 + 0.15 + 0.05 

St7 120059 0° St. - 0.49 + 0.37 + 0.02 

pil 121496 15° St. - 6 .87 - 12.61 - 0.14 

G2 99805 0° O. + 5.52 + 6.53 + 0.03 

I) The weight was re-adjusted in 1889. 
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3. Other kilogrammes. The volumes of them have been determined by 
the Committee LIPKENS etc. of 1838, by OUDEMANS, HOlTSEMA, or 
SIERTSEMA. 

Volume Ob-
Mass in mg Change 

in mm3 
Temp. Mass in mg I Befor. tbe I Aft.r tb. server per year 

bydr. w . bydr. w . 

L lo 121387 15.5° S. 1839 - 12 .93 I) 1926 - 17.89 - 18.97 - 0.05 

Aen 123135 15.5° S. 1909 - 12.05 2) 1927 - 8.83 - 10.78 + 0.18 

F2 12-4257 16 .0° S. 1927 - 73 . 69 - 76.6-4 

M 1902 _ 8.2 3) 1925 - 5 . 98 + 0.10 

A 123755 0° L. 1926 - 7.52 

C 121759 0° L. 1839 ~ 1.02 1926 - 5.76 - 0 .05 

V 118-486 0° H . 1902 _ 7.85 i) 1925 - 8.-46 - 0.03 

GI 

I 
lOH58 0° O. 1902 _ 3.3 5) 1925 - 18.91 - 0.68 

The volumes of S and M are not known. In the calculations they have 
been put equal to that of V . 

It appears that of the very old weights some (v. Sw, SI, Contr, L3 ) 

have changed very little. Perhaps L IO and Aen mayalso have kept better 
than the values found would lead us to suppose ; the losses of weight in 
the hydrostatic weighings indicate that the surface may have been dirty . 

. Also STAMKART's gilt weights St I-St 7 have kept weIl. It is a pity 
that on account of the screwed~on knob these weights are useless as 
standard weights. The GANDOLFI 'S weight M should be very constant 
as HOITSEMA supposed 6), finds no confirmation here. 

Some weights show a remarkably great increase. This is the case in a 
very high degree with the weight Del of the Mint, which OUDEMANS 
also already observed, at the same time drawing attention to the abnormally 
large volume. Externally there is nothing to be perceived in this weight 
that would account for the continued increase, only thesurface is 
slightly tarnished. 

Slightly less great is the increase in Fl ' an old weight of FORTIN. 
If this weight was originally (about 1800) accurate, this would also 
furnish a case of a progressing unaccountable increase. The change of the 

I) According to a weighing of the Committee LIPKENS etc. of 1838. Cf. OUDEMANS 
(1887) l.c. p. 232. 

2) According to a weighing by KIST. 
3) Cf. HOITSEMA, Muntverslag 1908 p. -42. 
i) According to a written statement of HOITSEMA. 
3) Cf. HOITSEMA, Muntverslag 1902 p. 13-4. 
6) HOITSEMA. Muntverslag 1902 p. 116. 
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glass weight G 1 of the Mint might perhaps he explained hy the condition 
of the surface, and would caB for further confirmation. Also K 1 of the 
Royal Academy of Sciences, a to all appearances weIl preserved weight. 
has greatly increased. 

An unexplained decrease may he ohserved in the Delft weight PIt. 
This decrease, too, drew already the attention in 1886, and has continued 
ever since, though in a slightly less degree. It is a weight gilt in the fire, 
the exterior of which shows nothing that can account for the decrease. 

Summarizing it may he said that many old weights, especially the gilt 
ones, have changed very little. The galvanically gilt St 2, St 5, St 6, St 7 
are not inferior to St 1 and pIt gilt in the fire. The unaccountahle great 
variahility of some weights, however, shows the need of caution, and 
renders it necessary often to verify standard weights. 

Physical Laboratory of the Technical University 
at Delft. 



Chemistry. - Osmosis of ternary liquids. General considerations. 111. 
By F. A. H. SCHREINEMAKERS. 

(Communicated at the meeting of November 26, 1927). 

1. The diagram. 

In the last paper we saw th at from the change of the concentration 
of one of the substances it cannot be deduced in which direction this 
substance diffuses through the membrane; for this reason we have called 
th is the "apparent" osmosis. In order to ascertain this direction we shall 
also have to con si der liquids in which the concentration of one or two 
of the substances is negative; consequently we shall begin by briefly 
indicating by which points they are represented. 

We imagine in fig. 1 the sides of the triangle WXY prolongated 
infinitely; th en the plane is divided into seven fields I-VII. Field I 
coincides with triangle W XY. the other fields are situated outside. If 
we represent the composition of a liquid by: 

x quant. of X + y quant. of Y + (l-x-y) quant. of W 

then it follows: WX= WY= 1. We now have: 

x is positive on the right side of the line WY 
x .. negative.. left 
y .. positive above the line W X 
y .. negative beneath .. 

For a point 1 in field I x= + (Ia) and y = + Ob) if (la) and (lb) 
represent the lengths of those lines. From the figure follows: 

(la) + (lb) + (Ic) = 1 
consequently: . 

x + y + (Ic) = 1 or 1 - x - y = + (Ic) 
So the W-amount of liquid 1 is positive. and it is represented by 

+ (Ic). Hence follows: points in field I represent liquids with positive 
X-. Y- and W-amounts. 

For a point 2 in field II x = + (2a) and y = + (2d); from the figure 
it follows: 

(2a) + (2d) - (2e) = 1 
consequently: 

x + y - (2e) = 1 or 1 - x - y = - (2e) 

So the W-amount of liquid 2 is negative. and it is represented by 
- (2e). We now find: 

points in field II represent liquids with a positive X- and Y-amount 
but with a negative W-amount. 
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Later on we shall refer to the meaning of such liquids. 
For a point 3 in field III x = - (3e) and y = + (3g); the X-amount 

Ir 

.L 
~ 

I 
, 
1 w 'I il 

y, I U ~; . -- -~- - - -- _ ... 
Ó 4 6 r 

Fig. I. 

of this liquid now is negative antI the Y-amount positive; it follows 
from the figure: 

(3g) - (3e) - (3f) = 1 
consequently: 

y + x - (3f) = 1 or 1 - x - y = - (3f) 

So the W-amount of liquid 3 is negative . . we now find: 
points in field III represent liquids with a positive Y-amount. hut 

with negative X- and W-amounts. 
If we act in a corresponding way for the points 4. 5 etc.. we shall 

he ahle to represent the results in a tahle. In tahle 1 the values of x. y 

Field 

11 

III 

IV 

V 

VI 

VII 

x 

+ (Ia) 

+ (2a) 

- (3c) 

- (4a) 

- (Sh) 

+ (6h) 

+ (7h) 

TABLE I. 

y 

+ (Ib) 

+ (2ei) 

+ (3g) 

+ (4g) 

- (Sg) 

- (6b) 

- (7ei) 

(fig . 1.) 

l-x-y 

+ (Ic) 

- (2c) 

- (3f) 

+ (4c) 

+ (Sk) 

+ (6k) 

- (7k) 

X 

+ 
+ 

+ 
+ 

Y 

+ 
+ 
+ 
+ 

w 

+ 

+ 
+ 
+ 
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and 1 - x - y have been indicated for the points 1-7; sub X. Y and 
W we find whether the amount of these substances is positive or 
negative. 

This table shows among other things that: 
the W~amount of a liquid is represented by the length of the horizontal 

line. which is drawn from th at point up to the line XY. 
The W~amount is positive in the fields I. IV. V and VI. consequently 

when the point is situated on the same si de of the line XYas point W. 
The W~amount is negative in the fields 11. 111 and VII. consequently 

when the point is situated on the side of the line XY opposite to 
point W. 

In the fields II and V the X~. Y~ and W~amount have opposite 
signs; for this reason we shall call those fields "opposite" fields. The 
same is valid for the fields III and VI and also for IV and VII. 

2. The diffused and the diffusing mixture. (realosmosis). 
Positive and negative osmosis. 

We imagine a part of the osmosis~path of the system 

L : L' (1) 

to be represented in fig. 2 by the curves p z rand p' z' r/; as e is the 
final liquid. these curves must terminate in point e. 

Liquid L travels along pa th p z rand liquid L' along path p' z' r' in 
the direction of the arrows. At a certain moment tI we shall have the 
system 

L I L'I 

and at a later time t2 the system 

L 2 : L~ . 

(2) 

(3) 

During the time t2-ti a definite quantity of each of the sub stances has 
passed through the membrane; if those substances have all gone in the 
same direction. we. therefore. may say th at a liquid of a definite com
position has diffused ; th en the quantity of this liquid has been defined also. 

If the substances do not diffuse in the same direction. we shall say 
notwithstanding that a liquid has passed through the membrane; then 
however this liquid has one or two negative concentrations ; we then 
have a liquid like the one discussed in fig. land table 1. 

In both cases we shall now say that a "mixture" has diffused through 
the membrane; we shall call it the "diffused" mixture. 

In order to find out the composition of the mixture which has diffused 
in the time t2-ti • we draw the line a b in fig. 2 through the points 
1 and 2; we imagine those points a and b at an infinite distance. We 
now see that L I can pass into L 2 : 
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either if Li absorbs a mixture. which is represented by a point between 
2 and b 

or if .L i gives off a mixture which is represented by a point between 
and a . 
During the osmosis. therefore. the liquid Li has absorbed or given off 

a mixture. which is situated somewhere on the infinitely prolonged curve 
1 . 2 (except between the points 1 and 2 themselves). 

5 / 
- .--. / 

(l,~ 

, 
p 

Fig. 2. 

Something corresponding to this is valid for the liquid L i '; this has 
passed into L/ and has. therefore. absorbed or given off a mixture. 
which is situated somewhere on the infinitely prolonged curve l' . 2'. 
If we eaU the point of intersection of these chords s. we see: 

Li can pass into L2 if Li gives olf the mixture L •. 
Li' can pass into L/ if Li' absorbs the mixture L •. 
Consequently we find : 
in the time t2-ti the mixture L. has diffused from the left to right 

through the membrane. 
We represent this by : 

(4) 

The composition of this diffused mixture Ls is represented by the 
point of intersection of the conjugated chords 1.2 and 1'. 2'. 

From the position of this point s may now be deduced in which 
direction each of the substances has diffused through the membrane. We 
begin by assuming that point s is situated on the part 1 . a of the chord as 
has been drawn in fig . 2; as. therefore. the liquid Li gives off this mixture. 
it must go through the membrane from left to right. (Comp. scheme 4). 

If point s is situated within field I (comp. fig. 1) th en it represents a 
mixture with a positive X~. y~ and W~amount. As this mixture goes 
through the membrane from left to right. the substances X. Y and W 
must therefore also go from left to right; we represent this by: 

L. X Y W (5) 
~~~~ 
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If. however. point s is situated within field IV. then it represents a 
mixture. which has a negative X~amount. but a positive y~ and W~ 
amount (eomp. fig . land table 1). Consequently a negative quantity of 
X. but a positive quantity of Y and W goes from left to right; the 
substanee X. therefore. goes through the membrane from right to left 
and the substanees Y and W from left to right . We represent th is by : 

(6 

If in fig. 2 we imagine the entire osmosis~path with the two ehords 
and point s to have turned ± 1800 round point e. then we see that 
point scan also be situated in field 11. It appears from fig. 1 or table 1 
that the mixture then has a positive X~ and Y~amount. but a negative 
W~amount. As this mixture is also given off by LI and therefore goes 
through the membrane towards the right side. X and Y will eonsequently 
diffuse towards the right side and W towards the left si de. We then 
get the seheme: 

L. X Y W (7) 

If point s is situated in one of the other fields of fig . 1 then we ean 
aseertain in the same way as shown above the direetion. in which the 
substanees diffuse through the membrane. for eaeh field . In seheme (8) 
we find those direetions indicated for eaeh of the seven fields . 

I ' LI I LI ----+ L. 
I U III IV V VI VU 

X ----+ ----+ +-- +-- +-- ----+ ----+ . (8) 

Y ----+ ----+ ----+ ----+ +-- +-- +--

W ----+ +-- +-- ----+ ----+ ----+ +--

In th is seheme the direetions of the arrows have been dedueed supposing 
that in fig. 2 point s is situated on the part 1 . a of the ehord. so that 
liquid LI gives off this mixture s. H. however. point s is situated on the 
part 2 . b then liquid LI absorbs this mixture s .. Instead of (4) we then get : 

LI : L~ +-- Ls (9) 

We now must give the opposite direetion to all arrows in seheme 8. 

The diffused mixture. however. not only defines the direetions in which 
the substanees have passed through the membrane. but also the ratio in 
which this has taken plaee. 

For the sake of eoneentration we as su me e.g. th at it is situated in 
point 4 of fig . 1; we th en have (eomp. also table 1): 

x = - (4 a) y = + (4 g) ·1 - x - y = + (4 c). 
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The ratio in which X. Y and W diffuse through the membrane. is 
then given by: 

(4 a}: (4 g) : (4 c) 

Consequently we find: 
if a system has passed into an other by osmosis. then the diffused 

mixture is represented by the point of intersection of the two conjugated 
chords. From this mixture follows the direction and the ratio in which 
the substances have diffused~ As this is no "appearance" but "reality". 
we call this "realosmosis" in contradistinction to the "apparent osmosis" 
which was discussed in the last communication. 

At the time tI system (1) is found in the points 1 and I' and at the 
time t2 in the points 2 and 2' of its path; th en point s represents the 
composition of the entire mixture that has diffused through the membrane 
in the time t2-tl • 

We now mayalso put the question: what is the composition of the 
mixture. which passes through the membrane at any moment? Por it is 
evident that this will be otherwise in the points 1 and I' than wh en 
the liquids are found in other points of their path. 

If on branch 1. 2 we imagine one more point u (and consequently 
on branch I'. 2' a point u') then the point of intersection of the chords 
zu and z' u' represents the diffused mixture. wh en the liquids have 
proceeded along the branches z u and z' u'. IE u draws nearer to zand 
u' to z' then the chords pass into the tangents in the points zand z'; 
the point of intersection of those tangents. therefore. represents the 
mixture which diffuses in an infinitely small time d t through the mem~ 
brane at the moment that the liquids are found in the points zand z' 
of their path. We call this the "diffusing" mixture; consequently we 
find: 

the mixture diffusing each moment is represented by the point of 
intersection of two conjugated tangents of the path. 

At the beginning of the osmosis. viz. wh en the liquids are found in 
1 and I'. this mixture is represented. therefore. by the point of inter~ 
section of the tangents in 1 and 1'; at the end of the osmosis con~ 
sidered. viz. if the liquids are found in 2 and 2', by the point of inter~ 
section of the tangents in 2 and 2'. 

Of course the same things. deduced above for the "diffused" mixture 
are valid for a "diffusing" mixture. as the only difference between both 
mixtures regards the duration of the osmosis; for the "diffused" mixture 
passes through the membrane in a finite time t2-tl • the "diffusing" in 
an infinitely short time d t. 

IE in fig. 2 we imagine that some pairs of conjugated tangents have 
been drawn. we see. that their points of intersection can be situated 
also in other fields than point s. Consequently we should not draw a 
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conlusion with respect to the position of the diffusing mixtures from 
the position of the diffused mixture. This is also clear. if we take into 
consideration that the diffused mixture is defined only by the beginning~ 
and terminating points of the branches 1. 2 and 1'. 2' which have 
been travelled. and that the form of those branches has no influence on 
this; the position of the diffusing mixtures. however. is defined by the 
form of those branches. 

While. therefore. from the diffusing mixtures may be deduced what 
takes place at any moment of the osmosis. this is not always possible 
with the aid of the diffused mixture; we shall refer to this later on. 

In order easily to distinguish the cases which may occur with the 
osmosis of a substance. we shall represent them again by a scheme. 
Agam we indicate by the signs > and < on which side of the mem~ 
brane the concentration of a substance is larger or smaller; by an arrow 
we indicate the direction in which this substance diffuses through the 
membrane. 

(8) < and > 
~ ~ 

If we take a definite substance e.g. X then the first scheme indicates 
that the X~amount on the left side of the membrane is smaller than 
that on the right side and that the substance X diffuses from right to left. 

The second scheme indicates that the X~amount on the left side of 
the membrane is larger than that on the right side and that the substance 
diffuses from leEt to right. 

In both cases, therefore, X diffuses from the liquid with the larger 
X~amount towards the liquid with the smaller X~amount; we call this 
a "positive" X-osmosis. 

As we shall see later on in experimental cases, we can also have, 
however, the schemes: 

(b) < and > 
~ .. 

Now the sub stance X diffuses from the liquid with the smaller X~ 
amount towards that with the larger X~amount; we call this a "negative" 
osmosis. 

In the preceeding paper we have placed an .. with the arrows, which 
indicate an anormal change of a concentration; now we do this also 
with the arrows which indicate a negative osmosis. 

In our last communication we have discussed the apparent osmosis 
of a system 

L : L' . (l0) 

which goes along its path 1 el' in fig. 1 (Comm. 11); we find this in 
table 10 (Comm. 11); now we shall deduce the real osmosis of this system. 



1102 

In this figure we imagine somewhere on the path 1 . e a liquid u; the 
conjugated liquid must th en be situated on path I'. e; the diffusing 
mixture is then represented by the point of int!rsection Uil of the tangents 
in u and u'. If u proceeds along the path 1 . e and consequently u' 
along the path I' . e th en u" will proceed along a pa th I" e" which we 
shall call the "path of the diffusing mixture". We shall represent this 
in fig. 3. In this we imagine the path 1. e. I' of fig. 1 (Comm. 11) 

Fig. 3. 

drawn inside the triangle WXy, in which, however, the letters W, X 
and Y have been omitted; in fig. 3 only the point a of this path is 
indicated. 

When liquid u is in point 1 (and consequently u' in 1'), th en the 
diffusing mixture u" is situated in field IV; it is represented in fig. 3 by 
111. When liquid u is in point m, th en Uil too is still situated in field IV; 
it is represented in fig. 3 by mil. 

Matters change, however, wh en liquid u is in point 3 (and conse~ 
quently u' in 3'). For the tangent in point 3 is parallel to side XY of 
the triangle; its point of intersection with the tangent in 3' which was 
not drawn, is situated, therefore, either in field I or in field VI. From 
this it appears that between the points mand 3 a point a is situated, 
which has the following property: the tangent in point a and that in 
point a', which was not drawn, run parallel. The line drawn through 
point a in fig. 3 represents this tangent in a; the point of intersection 
of the two tangents is situated at infinite distance; lt IS represented in 
in fig. 3 by a" which we may imagine as weIl in field IV as in field 
VII at infinite distance. Consequently we find: 

if liquid u proceeds along part 1 . 2 . m . a of its path, then Uil proceeds 
along path I" a", situated in field IV, of which a" is situated at infinite 
distance. 

If liquid u proceeds further along the path a e, th en Uil proceeds 
along a pa th a"elI (fig. 3) which now starts from point a", which is 
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situated at infinite distance in field VII. We assume that this path 
intersects the sides XY and W X in the points bil and c". Then two 
points band c in fig. 1 (Comm. II). the first of which is situated between 
a and 3 and the second between 3 and 4. go with those points of 
intersection. Consequently we find: 

if liquid u proceeds along path 1. e th en liquid u' proceeds along 
path 1'. e and Uil along the path of the diffusing mixture. consisting of 
the branches lil a" and a"e". 

Consequently we find also: 
the diffusing mixture of a liquid on 

1 . 2 . m . a is situated in field IV 
ab .. VII 

b3c .. 
c4 e .. 

VI 
I 

Hence we may de duce in which direction the diffusing mixture and 
each of the th ree substances diffuse through the membrane; we find 
this in scheme (11). 

L. X Y W 
1.2m.a IV -----.. +--- -----.. -----.. 

ab VII +--- (11) 

b3c VI .--
c4e 1 +---

Por if liquid u is on 1 . a. th en Uil is situated in field IV; therefore. 
Uil has a negative X-amount. but positive Y- and W-amount (compare 
table 1 or fig. 1). As during the osmosis liquid u moves away from Uil. 

liquid u. therefore. gives off the diffusing mixture. Hence it foIIows. that: 
during the osmosis the liquid absorbs X and gives off Y and W. 

H liquid u is on a e and. therefore. Uil on a"e". then during the osmosis 
u will approach Uil; consequently liquid u absorbs the diffusing mixture; 
therefore. this passes towards the left through the membrane. 

H Uil is situated on a"b". consequently in field VII. then it has a 
positive X-amount. but negative Y- and W-amounts; the liquid u. 
therefore. absorbs X and gives off Y and W. 

H. however. Uil is situated on b"e". consequently in field VI. th en 
it has positive X- and W-amounts. but a negative Y-amount; now the 
liquid u absorbs X and Wand it gives off Y. 

H. to conclude. Uil is situated on c:' e". consequently in field I. then 
the X-. Y- and W-amounts are positive; therefore. the liquid u absorb~ 
X. Yand W. 

As has al ready been said above. all this may be found in scheme (11). 

Prom scheme 11 we can now see in which direction each of the 
71 
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sub stances diffuses at any moment through the membrane. We get. 
however. a better and completer survey if. besides the "reaI" we also 
consider the "apparent" osmosis; we find the lat ter in scheme 10 of the 
l~t paper. 

We begin by imagining liquid z on branch 1.2 (fig. 1. Comm. II). 
With the aid of scheme (11) of the present and of scheme 10 of the 
preceeding paper. we now find: 

1 .2 
L. X 

1 V ------. t < !-
Y 

~t > t 
w 

!- > t ...- ------. ------. 
(12) 

In this we see: on which side of the membrane the concentration of 
a substance is greatest (smallest). how those concentrations change. and 
in which direction the substances and the diffusing mixture go through 
the membrane. We see that there is only one anormal change and that 
all substances diffuse in positive direction. viz. from the liquid with the 
greater concentration towards the liquid with the smaller concentration. 

For liquids of branch 2. m we find: 

L. X 
2 . m IV ------. t < !- (13) 

There are now three anormal changes viz. that of substance Y on 
the left si de and those of the substance W on both si des of the mem~ 
brane. Now there is also a negative osmosis; for substance W diffuses 
from the liquid with the smallest W~amount towards that with the 
largest W~amount. 

It would carry us too far if we were here to write down the schemes 
for all branches; we shall only add that for the branch c. 4; we find: 

c.4 
Ls X 

1...- t < !-
Y 

!->t 
W 

t<t .. (14) 

There is now one anormal change viz. that of substance W on the 
right side of the membrane and one negative osmosis viz. that of 
substance Y. 

In the same way as above we can deduce also the schemes for the 
other branches of the osmosis~path; if we unite them in a single scheme. 
we can leam from it what occurs at any moment of the osmosis. 

In making these deductions we have used the "diffusing" mixture and 
not the "diffused"; for we have al ready seen above that the latter does 
not always allow us to conc1ude with certainty what is happening. As 
in the experimental part we yet shall of ten have the lat ter, we are going 
to add a brief illustration of this. 

In fig. 1 (Comm. II) we imagine the chords m. 3 and m'. 3'; their 
point of intersection is situated in field IV. so that the diffused mixture 
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has a negative X-amount. but positive y- and W-amounts. As liquid 
m gives off this mixture. we get the following scheme: 

X y W 
ma b3 IV ....-- ---. ---. (15) 

in which only the rea 1 osmosis of the three substances is indicated. 
Hence we now may conclude: 

during the osmosis on branch m a b 3 more X has diffused towards 
the left side than towards the right side and more Y and W towards 
the right side than towards the left side. 

Prom this follows: 
substance X will have diffused towards the left side certainly on 

some part of branch m a b 3 and the substances Y and W will have 
diffused towards the right side certainly on some part of this branch. 

Prom this. however. we may not conclude that this is the case on 
the whole of branch m a b 3; this may be the case. but it mayalso be 
otherwise. 

Por if we compare schemes (15) and (11). we see that the direction 
of the arrows is the same in both schemes for the part maand a b ; 
this is. however. no more the case for part b 3; the arrow which 
indicates the direction of substance W in (15) runs opposite to that in 
(11). Consequently scheme (15) is valid for the substances X and Y on 
the whole of branch m a b 3. but only on part m a b as regards 
substance W. 

Also with respect to the direction in which the mixtures pass through 
the membrane. similar deviations may occur. 

Of course. there are also branches on which the scheme. deduced 
from the diffused mixture is valid for each substance on the whole 
branch; this is e.g. the case on the branches 1 .2 and 2. m. It is clear 
that in general this will happen the more. the smaller the branches 
under consideration; th en the diffused mixture approaches the diffusing 
mixture more close1y. 

(To be continued). 
Leiden, Lab. of inorg. Chemistry. 
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Chemistry. - Osmosis of ternary liquids. General considerations IV. 
By F. A. H. SCHREINEMAKERS. 

(Communicated at the meeting of December 17. 1927). 

The ditfusing mixture and the ditfusing liquid. 

In communication 111 we have seen: if a liquid u proceeds along its 
osmosis-path 1. e (fig. 1. Comm. 11). then the other liquid u' proceeds 
along the path I'. e and the diffusing mixture along apath. consisting 
of the two branches 1"a" and a"e" (fig. 3. Comm. 111). During the osmosis 
both liquids and the diffusing mixture change their compositions continu
ously; now we shall see in wh at way we may deduce the change of 
their quantities. 

If at a moment ti there is nl quantities of LI on the left side of the 
membrane and on the right side n; quantities of L;. we represent the 
system by: 

I' • 
nl X LI I nl X LI (1 ) 

At a moment t2 this has passed into: 

(2) 

For the sake of concentration we imagine those liquids to be rep re
sented by the points 1. I'. 2 and 2' of fig. 2 (Comm. 111). Consequently 
we have assumed. as it appears from (1) and (2). that 6n quantities of 
the mixture s have diffused from left to right in the time 6.t = t2 - ti' 

If we consider the liquids on the left side of the membrane. we see 
that nl quantities of LI pass into (ni - 6n) quantities of L2 by giving 
6n quantities of L.. We may write. therefore: 

nl quant. of LI - 6 n quant. of L. = (ni - 6n) quant. of L 2 • 

We can also substitute for this: 

nl quant. of LI =6n quant. of L. + (ni - 6n) quant. of L 2• 

Consequently we can get the liquid LI by bringing together Ls and 
L 2 in the ratio 6n: (ni - 6n). From this follows that point 1 must 
divide the line s. 2 into the parts 1 . s and 1. 2 which satisfy: 

1 . s : 1 . 2 = (ni - 6 n) : 6 n (3) 

Fram this it follows: 

A 1.2 X 1.2 X un=~~ nl =s.2 nl=anl (4) 
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In order to given this a different form. we represent the composition 
of the mixture s by: 

Xo quant. of X + Yo quant. of Y + (1 - Xo - Yo) quant. of W. 

In order to represent the liquids 1 and 2. we substitute the index 0 
by 1 and 2. In fig. 2 (Comm. lIl) we now imagine the sides WX and 
WY to be drawn and the coordinates of the points 1. 2 aod 3. 

Then we find: 

1 . 2 : s . 2 = (X2 - XI) : (X2 - xo) = (Y2 - YI) : (Y2 - Yo)· 

Prom th is follows: 

A _ _ 1 . 2 _ X2 - XI _ Y2 - YI 
un-anl---Xnl- Xnl- Xnl 

s . 2 X2 - Xo Y2 - Yo 
(5) 

So if we know the quantity nl of the liquid. which at the moment ti 
is on the left side of the membrane. we know also the quantity 6n. 
which has diffused through the membrane in the time 6t = t2 - ti. If 
6n is positive. th en this quantity has diffused towards the right side. iE 
6n is negative. then this quantity has diffused towards the left side. 

It also follows from this how much of each of the substances has 
diffused through the membrane in this time 6t. We find: 

quant. of X 

quant. of Y . (6) 

A positive quantity has diffused towards the right side. a negative 
quantity towards the left side. 

Prom (5) we can among other things deduce the following: if the 
diffused mixture is situated at infinite distance. th en the quantity 6n. 
which has diffused in the time 6t = t2 - ti through the membrane. is 
zero. 

This becomes c1ear at once if we increase Xo (or Yo) in (5) infinite1y. 
We must not think now. ho wever. that in the time 6t nothing bas 

gone through the membrane. If in (6) e.g. Xo and Yo are taken infinite1y 
large. we fiod: 

Xo 6 n = (XI - X2) nl Yo 6 n = (YI - Y2) nl 

(1 - Xo - Yo) 6 n = (X2 + Y2 - XI - YI) nl 
(7) 

which can also be very simply deduced in other ways. It now appears 
from (7) that in the time 6r sub stances have indeed gone through the 
membrane. but th at their total quantity is zero. Consequently we find: 
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if in the time 6.t a quantity p of the one substance and a quantity 
q of the other substance diffuses towards the right (or left) side. th en in 
the same time a quantity p + q of the third substance goes in opposite 
direction. 

Consequently we have at the moment t2 the same quantity of liquid 
on both sides of the membrane as at the moment ti; in general. however. 
the volume will be different at the moments ti and t2 : the liquids have 
namely an other composition at the moments t2 and ti respectively. 

In order to find out what passes tbrough the membrane in the infi~ 

nitely small time dt. we imagine the points 2 and 2' in the immediate 
vicinity of 1 and 1' ; th en we have: 

If we substitute these in (5) and omit the index 1. it follows: 

dx dy 
dn=an= ---X n=---X n 

x-xo y - yo 
(8) 

The infinitely small quantity dn which passes through the membrane 
in the infinitely small time dt is. therefore. defined by (8). Instead of 
(6) we find : 

dx dy 
Xo dn = --- X n Xo = - -.- X n Xo 

X-Xo Y - Yo 
quant. of X 

dx dx 
Yo dn = - - - X n Yo=~~ X n Yo 

x-xo y - Yo 
quant. of Y . (9) 

dx dy 
and --Xn(l-xo-Yo)=~~Xn(l-xo-Yo) quant. of W 

x -xo y- Yo 

The infinitely small quantities of the substance. which pass through 
the membrane in the time dt. are. therefore. defined by (9). If we take 
Xo and Yo infinitely large here. we find the same things as we have 
deduced above for the diffused mixture. 

Consequently we may say: 
If two conjugated tangents (or chords) of the osmosis~path run parallel 

and the diffusing (or diffused) mixture is situated. therefore. at infinite 
distance. then two of the substances diffuse in one direction through 
the membrane and a corresponding quantity of the third substance in the 
opposite direction. 

In communication III we have seen: if a liquid u passes along the 
path 1 . e of fig . 1 (Comm. Il). th en the diffusing mixture u" proceeds 
along apath. consisting of the branches I"a" and a"e" of fig. 3 (Comm. 
lIl). In scheme 11 (Comm. lIl) we find the direction indicated in which 
the diffusing mixture and each of the sub stances pass through the mem~ 
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brane. If we add to this what we are going 
the points a. band e. we get seheme (10). 

to diseuss further as regards 

Ls X Y W 
1.2.ma IV ----.. ~ 

a 00 0 

ab VII ~ 

b XY o (10) 

b3e VI 

e XW o 
e4e I 

If liquid u is in point a of its path. th en u" is. therefore. in point a" 
whieh is situated at infinite distanee; so the quantity of the diffusing 
mixture is zero; this is indicated in seheme (10) by the symbol 00 and 
the figure o. At this moment the substanees Y and W diffuse towards 
the right side and a eorresponding quantity of X towards the left side. 

If liquid u is in point e. then uI! is in point eH on side W X (fig. 3. 
Comm. 111); the diffusing' mixture. therefore. only eontains the substanees 
Wand X so that no Y diffuses; this has been indieated in seheme (10) 
by the figure O. It is apparent from this seheme: if liquid u travels along 
its path. th en Y diffuses: 

towards the right side. when u is situated between 1 and e 
towards the left side. wh en u is situated between c and e 

but in point e. Y does not diffuse. 
If liquid u is in point band. therefore. Uil in point bI! on side XV. 

th en only the substanees X and Y will diffuse; substanee W does not 
diffuse. It now appears from seheme (10) if liquid u travels along its 
path. then W diffuses: 

towards the right side. if u is situated between 1 and b. 
towards the left side. if u is situated between band e. 

but in point b the substanee W does not diffuse. 
We shall now eonsider the osmotic systems: 

L2 : L~ Lb : L~ (11) 

of fig. 1 (Comm. IJ). In the former. which we have already diseussed 
in our previous eommunications. both Iiquids have the same amount of 
W. It now appears from seheme (10): 

in the first of these systems the substanee W diffuses through the 
membrane. although both liquids have the same amount of W; 

in the seeond system no W diffuses through the membrane. although 
both liquids have a different amount of W. 

In order to represent the eoneentrations of the liquids during the 
osmosis. we have in eommunication II in the figs. 2. 3 and 4 drawn the 
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time on the horizontal axis and on the vertical aXlS In fig. 2 the X
amount, in fig. 3 the Y-amount and in fig. 4: the W-amount. 

We now can do the same for the diffusing mixture and besides 
indicate at the same time also in which direction the substance passes 
through the membrane. The axis 0 t (fig. 1) namely divides the diagram 
into two parts; we shall draw the amount in the higher part (in which 
the arrow .... ) when the substance diffuses towards the right side, and 
in the lower part (in which the arrow ~) when the substance diffuses 
towards the left side. 

We shall begin by considering the Y-amount. If liquid u passes along 
the part 1 . a of its path in fig. 1 (Comm. 11), then the diffusing mixture 
u" passes along the pa th 1" a" of fig. 3 (Comm. lIl). It appears from 
scheme (Ia) that the substance Y diffuses towards the right side in all 
points of this branch; consequently in fig. 1 we must draw the whole 
of branch 1" a" above the axis 0 t. It appears from fig. 3 (Comm. lIl) 

)( . 

0 ~ 
t"a,- t-

.f--

----+ 
~ e" 

Fig. J. Fig. 2. 

that the Y-amount increases starting from point 1 n till in a" where it 
becomes infinitely large. Therefore, in fig. 1 this branch must start from 
a point 1" on the Y-axis towards a point a" which is situated at infinite 
distance on the line which goes through point ta and runs parallel to 
the Y-axis. 

Wh en liquid u passes along the part abc e of its path, then u" must 
pass along the branch a" b" c" e" of fig. 3 (Comm. lIl). It appears from 
scheme (10) that the substance Y diffuses towards the right side on part 
a" c" and towards the left side on part c" e"; consequently in fig. 1 the 
part a" c" must be situated above the axis 0 tand part c" e" below 
that axis. 

As the final liquid e, however, is not reached, until af ter an infinitely 
long time, we must, therefore, imagine e" at infinite distance. 

Consequently we see in fig. 1 not only the same in scheme (10) namely 
the direction in which the substance Y passes through the mj!mbrane 
at any moment, but also in what manner the Y-amount changes continually, 

e· 
H 
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If we imagine these curves of fig. 1 drawn also in fig. 3 (Comm. 11) 
then. this figure will represent all changes. occurring during the osmosis 
in both liquids and in the diffusing mixture. 

It is dear now th at we can represent the W-amount also by two 
curves; we th en find a similar diagram as fig. 1; the curve a"e". however. 
now intersects the axis 0 t in the point tb. so that the part bil c" e" is 
now situated below the axis 0 t. 

The X-amount is represented in fig. 2. Herein we also find two 
curves. which are both situated. ho wever. below the axis 0 t. as. during 
the total osmosis the substance X diffuses towards the left side. 

We assume th at in a time d t 
a quantities of X diffuse towards the left si de and (3 quantities of 

Y + r quantities of W towards the right side; a. (3 and rare infinitely 
small and positive. 

Consequently we may say that (- a + (3 + r) quantities of the diffusing 
mixture have passed through the membrane towards the right side in 
the time dt. Of course we may say also that (a - (3 - r) quantities of 
this mixture go towards the left side. 

If. however. we only pay attention to the quantity. passing through 
the membrane. no matter wh ether the sub stances diffuse towards the 
right or towards the left side. th en during this time dt 

(a + (3 + r) quantities 

of substance namely X + Y + W pass through the membrane in all. 
We th en may say that (a + (3 + r) quantities of a liquid of the composition : 

a (3 r 
a + (3 + r quant. of X + a + (3 + r quant. of Y + a + (3 + r quant. of W 

pass through the membrane. 
We shall call this the "diffusing liquid". 
Consequently there is a difference between the diffusing mixture and 

the diffusing liquid. The first. namely. indicates the composition of that 
which passes through the membrane. if we take into consideration not 
only the quantities but also the direction of the diffusion. In it the 
concentrations can have all values varying between + 00 and - 00. if 
only their sum be 1. The diffusing liquid. however. indicates the com
position of that which passes through the membrane. if we do not take 
into consideration the direction of the diffusion. but if we add the 
diffusing quantities. no matter in which direction they pass through the 
membrane. Consequently ·the concentrations are all positive and smaller 
than 1. 

Therefore. the diffusing liquid is a real liquid. namely a liquid which 
we can compose of ihe three liquids. 

This is also the case with the diffusing mixture. if this is situated in 
field I (consequently within triangle WXY). If it is situated. however. 
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in one of the other fields. so that one or two of the concentrations are 
negative. then it is an imaginary liquid. namely a liquid which cannot 
exist in reality. Por this reason we have called it "mixture" instead of 
liquid. 

If we know the quantity dn and the composition: 

Xo quant. of X + Yo quant. of Y + (I - Xo - Yo) quant. of W. 

of the mixture. which diffuses through the membrane in the time dt. 
th en we can deduce from this the quantity and the composition of the 
diffusing liquid. If e.g. the mixture is situated in field IV then Xo is 
negative; Yo and l-xo-yo are positive. We now put Xo = - pand 
Yo = q so that pand q are positive. Then the mixture becomes: 

- p quant. of X + q quant. of Y + (1 + p - q) quant. of W. 

In the time dt. therefore. p. dn quantities of X go through the mem~ 
brane in the one direction and q dn quantities of Y + (I + p - q) quant. 
of W go in opposite direction through the membrane. Consequently: 

p . dn + q . dn + (I + p - q) dn = (1 + 2 p) dn 

quantities of liquid pass through the membrane in all; the composition 
of this liquid is: 

p q I+p-q 
1 + 2Pquant.ofX+ 1 + 2p quant. of Y + 1 + 2p quant. of W. 

If the mixture is situated in field VII. th en Yo and 1 - Xo - Yo are 
negative. We now put Xo = P > 1 and Yo = - q. Consequently the 
mixture has the composition: 

p quant. of X - q quant. of Y - (p - q - I) quant. of W. 

We now find th at (2 p - I) dn quantities of liquid of the composition: 

p q p-q-I 
2p-1 quant. of X + 2 p--=-I quant. of Y + 2 p_1 quant. of W 

pass through the membrane. 
If the mixture is situated in field VI then only Yo is negative. We 

now put Xo = P < 1 and Yo = - q. Then the mixture has the composition: 

p quant. of X - q quant. of Y + (I - P + q) quant. of W. 

It follows from this that (1 + 2 q) dn quantities of liquid of the 
composition: 

p q I-p+q 
1 + 2 q quant. of X + 1 + 2q quant. of Y + l+~ quant. of W 

pass through the membrane. 
In a corresponding way we find the quantity and composition of the 

diffussing liquid. wh en the diffusing mixture is situated in one of the other fields. 
What has been discussed above is of course also valid for the diffused 

mixture and the diffused liquid. 
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If liquid u passes along its path 1 . e of fig. 1 (Comm. 11). then the 
diffusing mixture u" passes along the branches 1 "a' and a"e" of fig. 3 
(Comm. 111); the X-. Y- and W-amount of this mixture u" is represented 
in the figures 1 and 2. In a corresponding way we can also represent 
the diffusing liquid. 

We now shall unite the three curves in one diagram (fig. 3); in order 
not to make the figure too large. however. we are now going to use 
only the higher part. In order yet to indicate in which direction 
a substance passes through the membrane. we shall draw that part of 
the curve. on which the substance diffuses towards the right side. in 
full. but we shall dot the part on which the sub stance diffuses towards 
the left side. 

In fig. 3 these directions are represented by an arrow fully drawn 
and by a dotted arrow. 

As all concentrations of the diffusing liquid are now situated between 
o and 1. the curve in fig. 3 will have quite another form from those 
in figs. 1 and 2. 

In fig. 3 the X-amount is represented by thecurve. near which the 
letter X has been put. The starting-point 1" is of course situated on the 
axis oe and the final-point e" at infinite di stance. As the substance X 
diffuses towards the left side during all the osmosis. this curve has been 
dotted. 
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Fig . 3. 

The Y-amount is represented by the curve near which the letter Y 
has been put. We see in scheme (10) that the Y-amount of the diffusing 
mixture. and consequently also that of the diffusing liquid. is zero in 
point c; consequently the curve must at the moment te come in the 
point e'i on the axis Ot. As on the part 1" c" the substance Y diffuses 
towards the right side and on c"e" towards the left side (comp. scheme 
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10). the first part. therefore. has been drawn in fuIl and the second part 
has been dotted. 

The W-amount is represented by the curve near whieh the letter W 
has been put. It appears from scheme (10) that at the moment tb it 
must co me in a point b" of the axis Ot and th at the part 1 "b" should 
be drawn in full and the part b"e" must be dotted. 

Although from a theoretical point of view little can be said as yet 
as to the shapes etc. of those curves; we may yet deduce a few properties. 

In the first place it is clear that we always know one of those curves. 
when the other two are known. Somewhere on the axis Ot we imagine 
a point z; the perpendicular in z intersects each of the three curves in 
a point. we shall call z".· As each of these lines zz" represents a con
centration and as the sum of the three concentrations is 1. the sum of 
these three lines zz" must. therefore. always be 1. The reader will 
probably not object that in drawing this sketch-figure we have not paid 
sufficient attention to this. 

Previously we have al ready deduced that in point a" the substances 
Y and W diffuse towards the right side and a corresponding quantity 
of X towards the left side (compare also scheme 10). Consequently in 
fig. 3 the longest line ta a" must. therefore. be as long as the sum of 
bot the other lines ta a"; consequently it is 1/2, 

We can show besides that the curves have a horizontal tangent in aH. 

The X- and W-curves intersect one another in point p; consequently 
at that moment as much X as W passes through the membrane; the 
X goes towards the left side and the W towards the right side. 

The Y- abd W-curves intersect one another in the points q and r. 
Consequently in q as much Y as W passes through the membrane 
towards the right side; in r as much Y goes towards the right side as 
~V towards the left side. 

These points of intersection correspond with definite points of fig. 3 
(Comm. lIl). We can easily deduce: 

in fig. 3 (Comm. lIl) point p is the point of intersection of branch 
1 Ha" with the horizontal line. which is drawn through point Y; 

point q is the point of intersection of branch a" e" with the bisectrix 
of angle WXY; 

point r is the point of intersection of branch a" eH with the vertical 
line. which passes through point X. 

(To be continuecf). 
Leiden. Lab. of inorganic Chemistry. 



Physics. - Penetrating Radiation. By J. CLAY. (Communicated by Prof. 
W. J. DE HAAS.) 

(Communicated at the meeting of December 17, 1927). 

In the followinH pages the results are communicated of measurements 
concerning the penetrating (ultra-gamma) rays during the months of 
February-July 1927 at Bandoeng Java Lat. 6° 45' S, Long. 107° 16' E. 
made at an altitude of 760 meters above the sea-Ievel, and further of 
measurements at 3024 meters on a mountain-summit and till an altitude of 
4300 meters in an aeroplane. The end of these measurements was to 
ascertain the intensity of the penetrating rays, to measure the absorption of 
the rays in lead and to trace whether a daily variation exists. Further at the 
same time the ionisation was measured due to the radio-activity of the 
ground and of the atmosphere. 

§ 1. The two apparatus used for the research were according to 
KOLHÖRSTER's model made by GÜNTHER and TEGETMEYER. We shall call 
the two apparatus A and B. The capacity of A is 0.51 cms and th at of 
Bis 0.61 cms; the sensitiveness of A was 2 volts per scale-division and the 
maxima I tension which could be read, was 350 volts; for B this amounted 
respectively to 3 volts and 480 volts. Either volume was 4170 cc. The walls 
of the two apparatus had a thickness of 3 mms of zinc; their inner 
surfaces were electrolitically covered with zinc in order to leave the 
slightest possible residual ionisation in the apparatus due to the radio
active infection of the material. 

Initially the measurements were made in the laboratory built of stone up 
to 4 meters, the rooms of which are covered with eternite, while the roof 
consists of but a thin layer of iron-wood. However af ter it had appeared 
that in the building the ionisation in the electrometers was about 1 I (1 I = 
1 ion per cc per sec.) more than in the open field outside the laboratory, 
all measurements we re made out of doors under a small wooden shed of 
about 6 meters square. As the variation in temperature amounts to at most 
12° C. at that place by day and in the night, this was by no means an 
objection for the measurements, seeing it appeared that the readings of the 
two apparatus in a thermostat at 30° C. varia ti on in temperature under 
ionising influence of 1 mgr. of radium at 2 meters, distance did not record 
any difference at all. Besides it appeared with these measurements that 
the decrease of volts per sec. for tensions above 100 volts remained 
constant. 

The ionisation due to the presence of 1 mgr. of radium at a distance of 
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2 meters gave an amount of 166 I Hr apparatus A and for apparatus B 
of 160 I. i.e. EVE'S figure for A is 6.6.109 ions cm-1 gr-1 sec.-1 and 
for B 6.4 . 109 ions. 

§ 2. Earth~radiation. For a determination of the ionisation due to the 
gamma~rays of the earth's surface, first one of the electrometers was placed 
on the earth and the ionisation measured, next on a sheet of lead of a 
thickness of 10 cms and surrounded by lead in such a way, that no gamma~ 
rays of the earth could reach the apparatus. With electrometer A we found 
6.99 I on the earth and 5.55 I on lead, with electrometer B 5.78 land 4.38 I. 
Accordingly for the former the earth~radiation yielded 1.44 land for the 
latter 1.40 I. Seeing this radiation had penetrated 3 mms of zinc, the amount 
for the earth~radiation directly above the surface of the earth in the open 
air may be fixed at 1.55 I. 

The values of the ionisation on the surface of the earth were obtained 
from an average of 7 values with an average deviation of respectively 0.17 
and 0.07 I, those on the lead for A from 9 values with an average deviation 
of 0.15 I andfor B from 12 values with an average deviation of 0.07 I. 

§ 3. Atmospheric radiation. The ionisation due to the emanation in 
the atmosphere could be neglected. In due correspondence with a former 
determination of the amount of emanation 1), I found in new determinations 
according to the condensation~method by liquid air, that the value lies 
between 10-18 and 10-19 CURIE, which causes an ionisation in the elec~ 
trom eters of at most 0.01 I. 

§ 4. Residual rays. In order to measure the residual radiation of the 
apparatus, they were surrounded on all sides by a lead~armouring of a 
thickness of 48 cms. It appeared that in this armouring the residual 
radiation was 4.28 I for A and 3.03 I for B. From this it follows, that the 
penetrating radiation as far as it is absorbed by 48 cms of lead, is 1.27 I 
according to apparatus A and 1.35 I according to B, two values , which 
when we bear in mind th at capacity and sensitiveness of the two apparatus 
differ, correspond beautifully. 

From this it follows that the two ionising factors in the open air must 
together amount to about 3 I. Seeing thatprolonged registering has taught 
us, th at the number of small ions, present in the atmosphere amounts to ca 
600, it follows for the constant factor of decay (Verschwindungskonstante) 

according to SCHWEIDLER 2) , in case of equilibrium: f3' = ~ = 6~O = 5.10-3. 

For th is figure SCHWEIDLER gives for INNSBRÜCK: 22. 10-3 and 
POWER 3) for MINNESOTA, U. S.: 6.1 .10-3. 

I) Proc. Roy. Acad. Amsterdam 28 p. i31 1925. 
1) E . SCHWEIDLER, Wiener Ber. 133. p. 23. 192i. 
3) A. D . POWER. Journal FrankIin Inst. 196. p. 327. 1923. 
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This proves that the result obtained here, is reliable. 
Now it should be at once observed, that identical values are not always 

found for the intensity of the residual radiation. Owing to the breaking of 
the tube with hygroscopic substance of the apparatus A this apparatus was 
open for a short time and after that we found 4.87 I for the radiation 
within a lead~armouring of a thickness of 48 cms. Further for apparatus B 
after the test for temperature~coefficient in which some change of air may 
have occurred, 3.44 I was found as the value within 48 cms of lead. This 
change was taken into account in all subsequent measurements. 

§ 5. Variation ot the radiation~intensity. In order to trace whether a 
daily variation existed. two series of measurements were made. Apparatus 
A was mounted on a layer of 10 cms of lead, surrounded on all sides by a 
layer of 12 cms of lead, so that the rays of the earth could not reach the 
apparatus. The apparatus B was mounted in a similar way, but surrounded 
on all sides by an additional layer of 2 cms of lead. The reduction of the 
charge was measured every 3 to 4 hours and during the latter part of the 
night usually during a period of 6 to 7 hours. It had already 
appeared from measurings during a shorter period, that on the whole the 
ionisation remains very constant, except during the morning~hours from 7 
to 9 o'dock. 

The averages were taken from the observations during a fortnight 
between April 13 and May 10 and from these averages we derive the two 
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of lead; tusschen 2 loodwanden van 24 cm dikte A 21-27 Mei = between 2lead-walls of a 
thickness of 24 ems A May 21-27; B 23-28 Juni = B June 23-28; A 22-28 Juni = 

A June 22-28. 

Fig. 1. Variation of the penetrating rays during the day. 
Electrometer unprotected, in lead and between lead-wa lis. 
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curves given in fig. 1. It is evident from the two curves, that there is a 
variation in the radiation with a minimum at ca 8 o'clock in the morning. 

A second measurement was made as follows. The electrometer A was 
put on a sheet of lead of a thickness of 10 ems, protected on both sides by 
two lead-walls of a thickness of 24 ems, a length of 75 ems and a height 
of 70 ems, arranged in the direction of the meridian. 

The electrometer was read during 6 days with intervals from 2 to 4 
hours. The resuJts of these observations are likewise given in fig. 1. The 
upper of these two curves gives the observations from May 21 to May 30. 
The lower curve gives the observations from June 22 to June 28. These two 
curves give another distinct minimum and this has not shifted with si de rial 
time. Moreover the intensity (much less now, as only about a fourth part 
of the radiation could reach the apparatus) has been modified again 
between May and June and this variation is apparently identical for the 
whole sky. This result also evidently tends in the same direction. 

A similar minimum was also found with apparatus B, placed between the 
lead-walls during the days from June 23 to 28. 

An important observation should however be made. Taking the average 
values of different rays, we find for intensity of the penetrating rays 
with apparatus A and B on various days the following values, expressed 
in I: 

I 
A 

I 
B 

I 
Bln2cms 

of lead 

Beginning of 1. 27 1.35 March 

2 May 1.i7 0.97 

i H l.i3 0.95 

7 .. I. 'i7 I. 20 

9 .. 1.63 I. 23 

10 .. 1.61 1.17 

31 .. 1.86 1. 75 

The observations of May 2 up to and including May 10 were made with 
both apparatus constantly under identical circumstances, whilst the 
apparatus stood on different sheets of lead at ca 4 meters' distance from 
each other. Every value given in the table is the average computed for a 
whole day. There are no striking mutual deviations in these values in the 
course of the day. 

The values of May 31 are found after the lead-pile was reconstructed. 
Here therefore is a change of circumstances, though at present there is no 
occasion to suppose, that this has exercised any influence. 

The variation between May 2 and May 10 renders it improbable, th at 
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the source of the rays must be found in celestial bodies. For, if this radia
tion should be generated by definite, limited parts of the sky, a distinct 
difference should arise between the periods, in which the rays reach the 
electrometer and those in which they are checked by protection. Now it 
might be assumed, that the rays were diffused in such a way, that the 
direction ha! absolutely got lost at the surface of the earth, as for instance 
in a dense ha ze the sunlight· grows so diffuse that the direction of the 
sunbeams cannot be perceived any more. This however is in opposition with 
CÖMPTON'S hypothesis of the scattering, in which it appears that the 
secondary rays with rays of a very short wave-length lie within a very 
narrow cone, the axis of which lies in the direction of the primary rays. 

Another possibility is th at the rays should be emitted by a great many 
nebulae or celestial bodies, scattered over the entire sky. In that case it is 
possible th at in the course of the day there is hardly any varia ti on in the 
intensity. But in that case the observation from May 2 to May 31 indicates, 
that a change of intensity may arise, which change is about equally great 
in all directions. That this change should occur simultaneously in all 
radiating celestial bodies, cannot possibly be assumed. 

If therefore the observed change is actually due to the penetrating 
radiation from above, as must he accepted without doubt, it cannot but be 
generated in the higher regions of the atmosphere. This supposition is 
confirmed by the observations, given in the 3 lower curves of fig. 1. For, 
indeed, it also appears from these observations, that af ter a month the 
distinct minimum is found in the same place, while the entire value over all 
the twenty-four hours has increased with an equal amount. Here too there 
is an identical change in all directions. It is dear, that also the position 
of the milky way had no influence on the intensity of the radiation. 

§ 6. Number of ions, conductivity, earth-charge. The minimum that 
appears to occur at Bandoeng at about 8 o'dock in the morning in the 
intensity of the penetrating radiation, must of course make itself felt in the 
number of ions, found in the atmosphere. This will also amount to a 
minimum at that point of time. Together with this the conductivity of the 
air will be reduced. And finally th is will influence the earth charge, which 
will he temporarily increased hy it. 

These magnitudes were being recorded at Bandoeng for over a year 
and the curves indicating the daily variations have been jointly given in 
fig. 2 in a monthly average. The details of these measurements were 
previously communicated 1). The measurements over the whole year will 
shortly be published. The upper, solid lines in figure 2 denote the 
conductivity, the value of which has been given to the right of the graph. 
The two solid lines lower down in the figure, give the number of recorded 
ions. The value of these per cc has been denoted to the left of the graph. 

1) J. CLAY, Record of electrical conductivity and content of ions of the atmosphere. 
Proc. Nat. Sc. Congr. Weltevreden 1926, p. 128. 

72 
Proceedings Royal Acad. Amsterdam. Vol. XXX. 



1120 

In these curves the strong minimum at about halp past seven is in evident 
accordancc with the minimum found for the penetrating rays. Lastly the 
dotted curve at thc foot of the figure gives the potential gradient in 
Volts per meter. 
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Figure 2. Conductivity Bnd number of ions 
in the atmosphere. Potential gradient. 

The scale of the graph has been drawn in the middle. The maximum is 
particularly clear in th is line. 

Finally it may be observed that the course of these curves is fairly iden~ 
ticalover the whole year. This is connected with the uniform atmospheric 
condition during the whole year. 

§ 7. Absorption. With both apparatus absorption measurements were 
made. The electrometers were placed on a sheet of lead of a thickness of 
10 ems and surrounded at the sides and at the top by a layer of lead of 
successively 3.5, 7, 10.5, 14, 24, 36 and 48 ems. This lead had been 
employed in the boilers of stearine~factories for some years, removed, fused 
into loaves of about 25 Kgrs and next planed oH to equal dimensions. The 
results of these measurements are found in figure 3. The solid line gives 
the series of measurements with apparatus A, in which the average of a 
day is taken for every value, whilst the dotted line renders the series of 
measurements made with B between May 22 and J une 11, where every 
value represents the average of two or more days. 

On the whole the mutual deviations of the measurements obtained with 
apparatus Bare slighter than those with apparatus A. Of the 109 
observations made with B during these measurements, the deviation of the 
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averages as calculated separately for each absorption-Iayer, amounts to 
0.0781. 

The deviations within thick lead-armourings are as a rule still slighter, 
which is also connected with the fact that the measurings we re continued 
over longer periods, e.g. from 4 to 6 hours. So the average deviation of 
the average was but 0.02 I in a lead-armouring of 48 ems. 

In order to compare the measurements with the apparatus A with those 
made with B. the value found was every wh ere reduced with an amount of 
1.19 I. which made the amount of the ionisation in the 48 cm. lead
armouring identical for apparatus A and B. (In a previous determination 
(see § 4) 1.25 I was found as the difference in residual radiation between 
A and B) . 

Prom the course of the curves it is evident, that we have to deal with 
a mixture of at least two kinds of rays, as was also stated by MILLICAN and 
CAMERON I). Por this reason two absorption-coefficients were computed, 
one for the absorption by layers up to 10 ems of lead, and one for the 
absorption by layers from 24 to 48 ems of lead. The values found are: 
fl l = 0.198 cm-I and fl2 = 0.045 cm-I. 

The mass-absorption-coefficients, usually given, are: flt = 17.10-3 cm-I 
(} 

and fl2 = 4.10-3 cm-I. These values are greater than those found by 
(} 

MILLICAN and CAMERON. Por water they found a mass-absorption
coefficient of 3.0 . 10-3 cm-I and of 1.8 . 10-3 cm-I. IE we assume, that 

IONEN,Icc SEC ~S01tPTIE VAN DOORDRINGENDE STRALININ Pb. 
r~~4-~~~~+4~~~4-~~~~;-+1~; ... 

« ' 

- \ 

11 " 

ionen = ions : Absorptie van doordringende stralen in Pb = Absorption of penetrating 
rays in Pb 

Figure 3. Absorption of the penetrating rays through lead. 

I) R. A . MILLlCAN and G. HARVEY CAMERON. Phys. Rev. Vol. 28. p. 8S!, 1926. 
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the scattering (the proper direct absorption is of secondary importance in 
these short waves) depends on the number of electrons present in the 
substance per volume~unit, the value must be multiplied with the ratio of 
the atomie number divided by the atomie weight to enable us to compare 
with the diHusion in lead; the figures for water therefore should have to 
be multiplied by 0.72, so that the mass~absorption~coefficient for lead 
should become in MILLICAN : 2.2 .10-3 cm-1 and 1.3.10-3 cm-1 • These 
values have been obtained at an altitude of 760 meters. 

In his synoptic paper BÜTTNER 1) gives for his measurements for lead 
the values lying between 12.4 . 10-3 cm-1 and 3.4 . 10-3 cm-1 • 

For the hardest rays HOFFMANN and STElf\:KE 2) found still slighter 
values for the absorption in lead, when they had previously been purified 
by a layer of lead from the soft part due to scattering . 

HOFFMANN found: I!:... = 0.41 .10-3 cm-1 in layers from 20 to 40 cms 
e 

of lead. 

STEINKE gives: 4.5 .10-3 < ~< 7~0. 10-3 for layers from 0 to 10 cms 
e 

of lead. 

0.40. 10-3 < I!..< l.O. 10-3 for layers from 20 to 60 cms 
e 

of lead. 

For comparison it may serve, that the gamma~rays of radium C, which 
have a wave~length of 0.022 Angström, have for lead a mass~absorption, 

coefficient : ~ = 46. 10-3 cm-1 , from which it appears, that also the 
e 

softer component of the penetrating radiation is considerably harder than 
the gamma~rays of radium C. 

For a determination of the wave~length by means of the absorption~ 
coefficient we can use COMPTON 'S theory for the scattering of X~rays, 
if we may assume that the very short wave~lengths with which we have to 
deal here, the phenomenon is of the same nature as for X~rays . According 
to COMPTON the scattering will predominate over the so~called absorption 
with short wave~lengths and the relation between absorption and wave~ 
length may be expressed by the formula: 

1 
(J = (Jo 1 + 2a 

in which Go represents the scattering according to the classic theory of 
J. J. THOMsoN and 

h .ti 0.0242 
a=cmÀ.=T=-À.--

I) K. BOTTNER, Z . f. Geophysik 3. p. 161, 1927. 
2) E . STEINKE, Z . f. Physik . • 2, p. 601. 1927. 
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The relation will presumably be better rendered by DIRAC's 1) formula, 
which is reduced for the very short wave-lengths to 2) : 

3 
0 = 1)'0 4 a' 

For the short wave-lengths with which we have to deal here, the ditfer
ence between this formula and COMPTON'S is evident, which is essential as 
soon as the cause of the radiation is sought for . 

We can now compute the wave-length from the formula: 

tJ. ZN 3 
e-=ooA'4a' 

Here OJ = 6.60 . 10-2 5 , as has appeared from the measurements 
concerning the scattering of the X-rays. Z is the atomie number. 
N = 6.06.102 3 , the AVOGADRO-constant. A is the atomie weight , e the 
density. For lead is 

3 Je 
tJ. = 1,80 . i 0,0242 = 60 },. 

therefore: 
À 1 = 3 X units (X = 10-11 ems), according to COMPTON À 1 = 6 X. 
À 2 = 0.8 X according to COMPTON'S formula À 2 = 1.3 X . 

§ 8. Measurements at a greater altitude. Measurements were made 
with the apparatus on two different days with the aid of an aeroplane 
kindly put at our disposal by the Military Air-department of Bandoeng. 
Apparatus A was unprotected during these measurements, apparatus B was 
protected by a lead-armouring of a thickness of 2 ems. On April 7 
measurements were made, whilst each time the machine was kept at the 
same level for half an hour. During the second flight on June 15 the 
machine was constantly kept at a level of 3000 meters for an hour and 20 
minutes. This latter was done because on May 13 and 14 measurements 
had been taken on the summit of the extinct volcano the Pangerango near 
Buitenzorg, the summit of which is 3024 meters high and because the 
va lues bound there did not conform with the observations in the air by 
aeroplane at the same level. During the second flight however the obser
vation during the first flight was corroborated. 

In the table on the next page the va lues have been given of the intensity 
of the radiation af ter being reduced by the ionisation of earth-radiation as 
found in the vicinity of the laboratory and the residual radiation. 

On this subject various remarks can be made. Firstly it is strange that 
the radiation-intensity at an altitude of 1000 and 2000 meters is less than 

I) P . A. M . DIRAC, Proc. Roy. Soc. A. 111 , p. 122, 1926. 
2) H. A . KRAMERS kindly pointed this out to me. 
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Altitude Apparatus A Apparatus B I in meters unprojected In 2 cms of lead 

April 7 June 15 April 7 June 15 

700 1.67 2.16 

1000 0 . 95 1.01 

2000 0.80 1.92 

3000 1.73 1.81 3.63 3.77 

1000 10.95 6 .99 

1300 11.05 

at an altitude of 700 meters on the ground. We get astrong impression 
that there is a secondary radiation, also radiated upwards by the earth, or 
that the earth also emits a penetrating radiation. Secondly the values for 
the apparatus placed in lead are also peculiar at an altitude of 2000 meters, 
the more so, as the values found during the second flight at 3000 meters, 
which are especially trustworthy, because the machine continued at the 
same altitude so long, entirely corroborate the first values. New experiml!nts 
must necessarily be made to explain this behaviour in the lower regions of 
the atmosphere. It might be, that we have to deal here with an increase of 
ionisation owing to a check on the swift electrons, which may be produced 
by the scattering of the primary rays. V. HESS 1) had searched for this 
effect, but all his experiments have had a negative result, just as 
BÜTTNER' s 2). nor did I Eind this increase in other experiments with 0.5 
and 1 cm. of armouring. For the rest the values observed at 3000 meters 
correspond very weIl with V . HESS'S, the discoverer of the rays, in 
1911/1913 3 ), KOLHÖRSTER'S in 1913, MILLICAN's in 1923 and BÜTTNER's 
in 1927. From the difference of the ionisation, found in the two apparatus, 
we can compute for the absorption in 2 cms of lead an absorption
coefficient: ft = 0.13 at 3000 meters. 

The second series of measurements was made at Tjibodas at the foot of 
the Pangerango at 1400 meters and on the summit at an altitude of 3024 
meters. By means of a sheet of lead of 3 cms under the apparatus the 
earth-radiation was determined in the two places. Assuming the absorption
coefficient to be identical with that of the gamma-rays of Ra C, we found 
0.83 I for the earth-radiation at an altitude of 1400 meters and 0.88 I on 

I) V. P. HESS, Sitzungsberichte der Ak. d. Wiss. Wien, p. 631, 1927, 
2) K. BOTTNER, Zeitschrift f. Geophysik 3, p. 883, 1927. 
1) Verg . V. F . HESS, Die elektrische Leitfiihlgkeit der Atmosphäre und ihre Ursachen 

1926, p. 115 and following. 
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the summit. This is uncommonly little. but easily explained by the young
volcanic character of the mountain. 

At Tjibodas 4 observations were made with apparatus A before climbing 
the mountain. which yielded an average of 1.51 I with an average deviation 
of 0.03 land af ter the descent 7 observations were made. yielding an 
average of 1.50 I with an average deviation of 0.161. On the summit 13 
observations were made during 36 hours. yielding an average of 3.28 I 
with · a deviation of 0.32 I. i.e. the variations found here were greater than 
those regularly occ~rring at Bandoeng. but amounted to 20 % at most. 

With apparatus B 4 measurements were made at 1400 meters. yielding a 
value of 1.30 I with an average deviation of 0.13 I. whilst on the Panger
ango with apparatus B 3.15 I was found due to the penetrating radiation 
with an average deviation of 0.10 I. 

In an armouring of 3 ems of lead 1 .03 I was found with the same 
apparatus at 1400 meters and 2.88 I at 3024 meters. From these va lues 
combined with the data for apparatus A an absorption-coefficient was 
computed of f' = 0.10 at 1400 meters and f' = 0.095 at 3024 meters. 

At the same attitude in the flying-machine there were observed 1.56 I 
more than on the mountain-top. Of course it is possible. that the intensity 
is changed during those various days. though it is to be doubted that the 
amount would be so high. With subsequent measurements it will be 
necessary. that regular control-measurements are made at a definite station. 
Finally it should be observed. that the minimum ever present on the Ban
doeng plateau was not perceived here. On another side of the mountain at 
1230 meters from an average of 5 observations 1.23 I was found for the 
penetrating radiation. That the value in this case and as mentioned above. 
at Tjibodas at 1400 meters was found to be so slight. will doubtlessly be 
attributable to the protection of the mountain. which intercepts the 
radiation of a considerable part of the sky. 

§ 9. · Observations in other places. In order to determine to how much 
the residual rays of the apparatus B precisely amounted. I took it to Europe 
for the purpose of making a determination in a rock-salt-mine. which might 
be expected to be quite free from radiation. 

On the way a series of measurements was made on the boat-deck of 
the steamer Slamat, about 14 meters above the sea-Ievel. from the Red Sea 
to and partly including the Mediterranean. It is a remarkable facto that an 
increasing value of the radiation was stated. which may be partially the 
result of increased gammaradiation of the emanation in· the atmosphere. 

It might have been that the residual radiation in the apparatus increased. 
As will presently appear this is however unlikely. 

On Oct. 31 and Nov. 11 I had the privilege of collaborating with W . 
KOLHÖRSTER in the Berlepsch Schacht of the Stassfürter-salt-mine. On the 
ground over the mine an ionisation was found of successively 7.95 I. 7 .98 I. 
and 7.99 land af ter the measurements in the mine of 8.141. In themine 
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400 M. below the earths surface surrounded by a layer of roek~salt of 
80 to 100 meters we found 4.90 land 4.93 I in the large "Festsahl" and 
in a part, where there was some salt of potassium in the vicinity, we found 

Date 
I 

Time 
I 

Place 
I 

lonlsation + 
residual radlation 

23 July '27 14 h. 3 m.-17 h. 7 m. Red Sea 5.17 

17 h. 7 m.-19 h. 27 m. .. 1.83 

19 h. 27 m.-2i h. .. 5.22 

2i July Oh. - 5 h. 26 m. .. 5.82 

5 h. 16 m.- 8 h. 10 m. .. 5.98 

8 h. 52 m.-14 h. 28 m. Bayof Suez 6.68 

14 h. 29 m.-17 h. 12 m. I .. 6.18 

17 h. i3 m.-19 h. 12 m. Canal of Suez 6.21 

19 h. 12 m.-21 h. .. 6.50 

25 Tulv o h. - 3 h. 55 m. .. 6.77 

11 h. 58 m.-14 h. Si m. Medlterranean 6.56 

17 h. 12 m,-18 h. 19 m. .. 6.56 

26 luly 8 h. 38 m.-12 h. 9 m. .. 7.20 

12 h. 11 m.-16 h. 31 m. .. 7.16 

16 h. 31 m.-19 h. 7 m. .. 7.38 

27 July 8 h. 33 m.-IO h. 52 m. .. 7.00 

10 h. 52 m.-14 h. 16 m. .. 7.62 

14 h. 16 m.-17 h. 5 m. .. 7.14 

17 h. 15 m.-20 h. 37 m. .. 7.12 

28 July 8 h. 26 m.-Il h. 13 m. " 
7.75 

11 h. 13 m.-13 h. 10 m. 
" 

7.72 

I L 13 h. 10 m.-14 h. 50 m. .. 8.03 
I 

5.13 I. Seeing formerly at Bandoeng in a lead~armouring of 48 ems 3.44 I 
was found, there were two possibilities, either the residual radiation of the 
electrometer had inereased (the apparatus had never been open during any 
measurement), or that the roek~salt was not free from radiation. Lucky 
eircumstances however enabled me to exclude the first possibility as highly 
improbably. 

In Prof. V. HESS'S laboratory at Graz Prof. HESS kindly gave me the 
opportunity of making a measurement in an iron~armouring of a thickness 
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of 8 ems, through which according to Prof. HESS' experience the gamma
rays of radium do not penetrate. 

In this armour on Nov. 10 I found the va lues 5.37 I, 5.4 I. 5.25 land 
5.20 I. averagely 5.31 I. Seeing that according to Prof. HESS the value of 
the penetrating radiation at that place should be about 1.9 I. the residual 
radiation of the apparatus B would have a value of about 3.4 I. which is in 
perfect accordance with the values found at Bandoeng. From th is it would 
follow, that the value of the radiation has gradually increased with the 
geographical latitude, aresuIt that may correspond with former ex pec
tations of various investigators, who searched for the origin of the radiation 
in the higher regions of die atmosphere 1). 

But besides this proves th at the rock-salt in Stassfürt is not free from 
radiation, but that there still exists an ionisation of 1.5 I. KOLHÖRSTER's 
measurements mayalso be expected to give a decisive answer to th at 
question. 

Bosscha Lab. Bandoeng, 1927. 

I) V. F. HESS, Die elektrische Leitfähigkeit der Atmosphäre und ihre Ursachen. 1926, 
p. 123 and following. 





CONTENTS 

ADJUSTMENT (Linear) of a set of pairs of numbers (xk• Yk)' 1021. 

AGARSOLS (The flocculation of) through salt mixtures. 740. 

AGGLUTINATION (Experiment.. on the differential characters of Leptospira-strains with 

introductory remarks on the process of) and lysis. 25. 

ALCOHOLS (The light oxydation of) as contribution to the knowledge of the photo-

chemical phenomena. 189. 

,l\LKALI BORON FLUORIDES (On some phenomena which are caused by the low indices 

of refraction of). 350. 

ALKYLANILINES (Formation of derivatives of dihydrobenzimidazole and tetrahydrochin

oxaline by the action of acetic anhydride and zinc chloride on nitroderivates of). 

841. 

AMINE (On some derivatives of di-(2-pyridyl)-) and on tri-(2-pyridyl)-). 664. 

AMPHIOXUS (Observations on the adhesive apparatus and the function of the ilio-colonring 

in the living larva of) in the growth-period. 991. 

ANALYSIS SITUS (On the foundations of comblnatory). Additions and corrections. 670. 

Anatomy. C. U. ARI!;NS KAPPERS: "Indices for the anthropology of the brain applied to 

Chinese. dolicho-and brachycephallc Dutch. foetuses and neonati." 81. 

- J. MULLER: "On the occurrence of vascularized Enamel-organs". 298. 

- MA (WEN CHAO): A comparison of the form of the callosum and septum in Chinese. 

Philippino and Dutch brains." 329. 

- E. HORNE CRAIGIE and RICHARD M. BRICKNER: "Structural parallelism in the 

midbrain and tweenbrain of teleosts and of birds." 695. 

- L. COENEN: "The connection of the cortex with the Neostriatum and Palaeostriatum 

in rabbits." 811. 

ANCHYLOSTOMA (The Nemas) and Necator. 113; 11. 581. 

- (New researches on the larvae of) duodenale DUB. and Necator al!1ericanus STILES. 

581. 

ANDREWS (DONALO H.) and W. H. KEESOM. The specilic heats of solid substances 

at the temperatures attainable with the help of liquid helium. I. Measurements of the 

atomic heat of lead. 434. 

ANHYDRIDE (Formation of derivatives of dihydrobenzimidazole and tetrahydrochinoxaline 

by the action of acetic) and zinc chloride on nitroderivates of alkylanilines. 844. 

ANOPHELISM (On) without malaria around Amsterdam. 61. 

Antbropology. L. BOLK: "On the origin of human races." 320. 

A. J. P. VAN DEN BROEK: "On the continuance of the increase of stature in Holland." 685. 

ANTHROPOLOGY OF THE BRAIN (Indices for the) applied to Chinese. dolicho-and brachy-

cephalic Dutch. foetuses and neonati. 81. 

Proceedings Royal Acad. Amsterdam. Vol. XXX. 
73 



11 CONTENTS 

ANTIBERIBERI-VITAMIN (Experiments with JANSEN and DONATH'S), 376, 

APHTHAE EPIZOOTICAE (On the mutual immunization in) and vaccine. 513. 

ARGON (The duration of metastable states of neon,) and helium. 33. 

ARIËNS KAPPERS (C. U.) vide KAPPERS (C.U. ARlt!.NS). 

AstroDomy. ADRIAAN VAN MAANEN: "The proper motions of the globular clusters 

Messier 13, 56 and 2 and their internal motions." 681. 

- A. PANNEKOEK and M . G . J. MINNAERT : "Preliminary report on the expedition 

to Lapland for the observation of the total solar eclipse of June 29th 1927". 921. 

AVENA SATIVA (On the light-growth-reactions in different zones of the coleoptile of). 2. 

- (On growth-accelerating substances in the coleoptile of). 10. 

BACILLUS TYPHI (On the disappearance of) from water. 111. 

BACILLUS BTTx (Concerning the transmutant of the tubercle-) as tuberculosis-dlagnosti

cum. 613. 

BAND >. 6087 (The structure of the calcium fluoride). 355. 

BAS TI D E (G. L. C. LAl and J. P . WIBAUT. On some derivatives of di- (2-pyridyl)

amine, and on tri-(2-pyridyl) -amine. 661. 

BE MME L E N (J . F. V A N). Heredity of mental faculties . 769. 

BEN DER (L A URE TT A) . An experimental study of the cerebel\ar control of the vocal 

organs. 715. 

BEREK (On M. BEREK'S Methode der charakteristischen Gangunterschiedsverhältnisse). 531. 

Biochemistry. A. J. KLUYVER and A. P . STRUYK : NThe so-cal\ed co-enzyme of alcoholic 

fermentation" . 569. 

- A. J. KLUYVER and A. P . STRUYK: "The first phases of the chemistry of the 

dissimilation of the hexoses" . 871. 

BIRATIONAL CORRESPONDENCE (The quadratic) between two linear complexes of rays. 657. 

B L A A U W (A. H .). On the atmospheric humidity during the flower-formation of the 

hyacinth. 206. 

BOE K E L MAN (A. J.), C. H . H . SPRONCK, K. HOEFNAGEL and W. HAMBURGER. Con

cerning the transmutant of the tubercle-bacillus BTTx as tuberculosis-diagnosticum. 613. 

BOE R (J. H . DE). On some phenomena which are caused by the low indices of refraction 

of alkali boron fluorides. 350. 

BOE R (S. de). The action of veratrin on skeletal muscles. At the same time an applica

tion of our knowledge of the segmentation of the frog's M . gastrocnemius on the 

problem of the refractory stage of skeletal muscles after veratrin poisoning. 235. 

BOE R (S. R. DE). The influence of temperature on the respiration of Phycomyces 

B1akesleeanus Burgeff. 671. 

BOE SE KEN (J .). Some remarks on the condensation produets of polyoxy-compounds 

with chloral. 55. 

- The light oxydation of alcohols as contribution 10 the knowledge of the photo-

chemical phenomena. 189. 

BOL K (L.). On the origin of human races. 320. 

B 0 R TOL 0 T TI (E.). On metric connexions with absolute parallelism. 216. Erratum 131. 

B OSC H M A (H.). On the larval forms of Rhizocephala. 293. 

BotBny. C , VAN DILLEWIJN : "On the light-growth-reactions in different zones of the 

coleoptile of Avena sativa". 2. 



CONTENTS 111 

Botany. F . W. WENT : "On growth-accelerating substances in the coleoptile of Avena 

sativa". 10. 

- IDA LUYTEN : "On the favorable effect of 35° C. on the celI·formation in foliage

leaves of Hyacinthus orientalis· ' . 197. 

- A . H . BLAAUW : "On the atmospherie humidity during the f1ower-formation of the 

hyacinth" . 206. 

- IDA LUYTEN : "Rapid f10wering of early tulips". 502. 

- S. R. DE BOER : "The influence of temperature on the respiration of Phycomyces 

Blakesleeanus Burgeff". 674. 

- CHRISTINE J. GORTER : "On the occurrence of growth-accelerating and growth-retarding 

substances" . 728 . 

NANNY TENDELOO: "On the so-ca\Ied traumatotropic curvatures of oat seedlings" , 756. 

WILLEMINA M . COELINGH: "On the retarding influence of the longitudinal com

ponent of gravity on the geotropie reactloll of roots of Pisum sativum. 930. 

BOTTEMA (0.). The definition of Euc\idean measure in the projective plane. 423. 

BRAIN (Indices for the anthropology of the) applied to Chinese. dolicho- and brachycephalic 

Dutch. foetuses and neonati. 81. 

BRA INS (A comparison of the form of the callosum and septum in Chinese. Philippino and 

Dutch). 329. 

BRICKNER (RICHARD M.) and E. HORNE CRAIGIE. Structural parallelism in the midbrain 

and tweenbrain of teleosts and of birds, 695, 

BROEK (A. J. VAN DEN). On the continuance of the increase of stature in Holland. 685. 

B"ROUWER (H. A.). Fractures and faults near the surface of moving geanticlines. IV. The 

eIastie rebound of the earth crust in Central Honshu. 272. 

BRUIN (T. L. DE). Note on regularities in the spectra of f1uorine and chlorine, 20. 

- The structure of the f1uorine spectrum (F. I.). 944. 

BUCK (A. DE). E. SCHOUTE and N . H. SWELLENGREBEL. On anophelism without malaria 

around Amsterdam. 61. 

BOCHNER (E. H .) and D . KLEIjN. The flocculation of agarsols through salt mixtures. 740. 
BIJLMER (H. J. T .) and W. A. MIJSBERG. Report on a fossil found at Trinil in 1926. 

and erroneously considered as the remains of a skull of Pithecanthropus. 126. 

CAESALPINIA SAPPAN L. (The essential oil from the leaves of). 840. 

CALCIUM FLUORIDE BAND À 6087 (The structure of the). 355. 

CALLOSUM (A comparison of the form of the) and septum in Chinese. Philippino and 

Dutch brains. 329. 

CANTORSCHE MANNIGFALTIGKEITEN (Zusammenhangsstufen und). 705. 

CARCINOL YTIC PROPERTIES (On the isolation of a substance with) from the retieulo

endothalial system. 499. 

CATE (J. TEN). On the segmental innervation of the skin of rays. 734. 

CELL-FORMATION (On the favorable effect of 350 C. on the) in foliage-leaves of Hyacinthus 

orientalis. 197. 

CHANXHE (Profiles through the sync\ines of Comblain au Pont and). 346. 

Chemistry. J. BÖESEKEN: "Some remarks on the condensation products of polyoxy-com

pounds with chloral". 55. 

73* 



IV CONTENTS 

Chemiatry. J. BÖESEKEN: "The light oxydation of alcohols as contribution to the know

ledge of the photo-chemical phenomena". 189. 

- F. M. JAEGER. H. G. K. WESTEN BRINK and F. A. VAN MELLE: "Roentgenspectro

graphic investigations on the structure of the artificial ultramarines and the problem 

concernlng their relations to the minerals Hauyne. Nosean. Sodalite. Lilzurite and 

Nephelite". 249. 

- F. A. H. SCHREINEMAKERS: "Equilibria in systems in whïch phases. separated by a 

semi-permeable membrane." XIX. 282. XX. 401. XXI. 521; XXII. 610; XXIII. 635. 

- F. M. JAEGER and F . A. VAN MELLE: "Investigations into the constitution of artificial 

ultramarines. II. On ultramarine-blue with high silica-content and on silver-, silver

sodium-. selenium- and silverse1enium-ultramarines". 479. 

- J. P. WIBAUT and G. L. C. LA BASTIDE: . On some derivatives of di-(2-pyridyl)

amine. and on tri-(2-pyridyl)- amine". 664 . 

- E. H. BQCHNER and D. KLEIJN: "The flocculation of argarsols through salt mix

tures". 710. 

- F. A. H. SCHREINEMAKERS: "Osmosis of ternary liquids". General considerations. 

I. 761; II. 934; 111. 1095; IV. 1106. 

- P. VAN ROMBURGH: "The essential oil from the leaves of Caesalplnia Sappan L." 

(Provisional communication) 840. 

- P. VAN ROMBURGH and H. W. HUYSER: "Formations of derivatives of dihydroben

zimidazole and tetrahydrochinoxaline by the action of acetic anhydride and zinc

chloride on nitroderivates of alkylanilines". 844. 

- F. M. JAEGER and F. A. VAN MELLE: "Investigations into the structure of the 

artificial ultramarines. lIJ. On silver- and alcali-silver ultramarines whïch are deriva

tives of GUIMET'S ultramarlne-blue with high silica-content and on mixed alcali

ultramarines and norm. butyl-silver-ultramarine". 885. 

- F. M. JAEGER and E. ROSENBOHM: "On the exact determination of the specific heat 

of solid substances between 0° and 1625° C. I. Method and apparatus. 905. 

- A. L. TH. MOESVELD and WILHELMA A. T. DE MEESTER: "The influence of 

pressure on the reaction velocity and the function of the medium". 1039. 

- F . M. JAEGER and E. ROSENBOHM: "On the accurate measurement of the specific 

heat of solid substances between 0° and 1625° C. 11. The specific heat of platinum 

and tungsten". 1069. 

CHLORAL (Some remarks on the condensation products of polyoxy-compounds with). 

55. 

CHLORIDE (On the absorption-spectrum of chromium-oxy-). 95. 

- (Formation of derivatives of dihydrobenzimidazole and tetrahydrochinoxaline by 

the action of acetic anhydride and zinc) on nitroderivates of alkylanilines. 8H. 

CHLORINE (Note on regularities in the spectra of fluorine and). 20. 

CHORDS (On the mean values of straight and curved) of geometrical bodies. 860. 

CL A U SIN G (P.). On the mean values of straight and curved chords of geometrical bodies. 

860. 

CLAY (An hypothesis explaining some characteristics of). 104. 

CL A Y (J.). Penetrating radiation. 1115. 



CONTENTS v 

CLUSTERS MESSIER 13, 56 and 2 (The proper motions of the globular) aild their 

internal motions. 681. 

COALMINING (Earth movements, caused by). 864. 

COEFFICIENT (The fundamental pressure-) of helium. 970. 

COEFFICIENTS (Method of calculating the mean errors of the standard deviations) of corre

lation and coefficients of regression, with n Iinearly correlated variables. 823. 

Co ELI N G H (W I L L E MIN A M.) . On the retarding influence of the longitudinal com

ponent of gravity on the geotropie reaction of roots of Pisum sativum. 930. 

COENEN (L.). The connection of the cortex wlth the Neostriatum and Palaeostriatum 

in rabbits. 811. 

. Co E TER 1 E R (P.) and A. MICHELS. The iee-point of the thermometer scale. 1017. 

COLEOPTILE (On the Iight-growth-reactions in different zones of the) of Avena sativa 2. 

- (On growth-accelerating substances in the) of Avena sativa. 10. 

COLLINEATIONS (Systems of plane). 559. 

COLUMBA DOMESTICA (An anatomo-physiologieal study of the supra-vestibular tractus 

in). 455. 

COMBLAIN AU PONT (Profiles through the synclines of) and Chanxhe. 346. 

CONDUCTIVITY (Influence of the pressure on the electrie) of gold. 47. 

CONGRUENCE (A) of plane monoids. 566. 

- (A representation of the) of REYE. 850. 

- (Representation of a bilinear) of conies. 988. 

CONICS (A complex of). 268. 

- (Representation of a bilinear congruence of). 988. 

CONNEXIONS (The invariants of Iinear) with different transformations. 276. 

CORTEX (The connection of the) with the Neostriatum and Palaeostriatum in rabbits. 811. 

C RAl G 1 E (E. HOR N E) and RICHARD M. BRICKNER. Structural parallelism in the 

midbrain and tweenbrain of teleosts and of birds. 695. 

CRESOL (Thethree-phase-Iinesof the systems: water-ortho-, water-meta- and water para-Jo 52 

CR 0 MME L 1 N (C. A.) and R. O. GIBSON. The vapour pressures of solid and Iiquid 

neon. 362. 

- H. GARPIT WATTS and E. MATTHIAS. On the rectilinear diameter of ethylene. 105~~ 

- and H . GARFIT WATTS. Vapour tensions of Iiquid ethylene. 1057. 

- and H . GARFIT WATTS. Preliminary isotherms of ethylene. 1059. 

Crystallography. W . NIEUWENKAMP: "On M. BEREK'S Methode der charakteristischen 

Gangunterschiedsverhältnisse" 534. 

- C. H . EDELMAN: "On quaternary symbols of zones". 980. 

CUBICS (A one-four representation of a complex of twisted) on the points of space. 1010. 

CURVATURES (On the so-called traumatotropie) of oat seedlings. 756. 

DANAUPORMATION (On the occurrence of the) in Martapura (S. E. Borneo). 338. 

DEVIATIONS (Method of calculating the mean errors of the standard), coefficients of cor-

relation and coefficients of regression, with n linearly correlated variables. 823. 

DIAMETER (On the rectilinear) of ethylene. 1054. 

DIHYDROBENZIMIDAZOLE (Formation of derivatives of) and tetrahydrochinoxaline by the 

action of acetie anhydride and zinc chloride on nitro derivates of alkylanilines. 8·H. 



VI CONTBNTS 

DIL LEW IJ N (C. V A N). On the light-growth-reactions in different zones of the coleop-

tile of Avena sativa. 2. 

DIMENSIONELLE STRUKTUR (Das Hauptproblem über die) der Räume. 138. 

DISCOASTBRIDAB incertae sedis. i 11. 

DJAMBI (Sumatra) (Some remarks concerning the palaeozoic Hora of). 628. 

DON AT H (Experiments with antiberiberi-vitamin of JANSEN and). 376. 

DORGELO (H. B.) and T. P . K. WASHINGTON. The duration of metastable statesofneon, 

argon and helium. 33. 

D R U I F (J. H.). A contribution regarding the mineralogical composition of some of the 

soils of the Netherlands. 365. 

DRYASFLORA (On a) -bearing deposit in the Netherlands. 3'14. 

DUB 0 I S (E U G.). The so-called new Pithecanthropus skull. 134. 

EARTH MOVEMENTS, caused by coalmining. 864. 

EDELMAN (c. H.). On quaternary symbols of zones. 980. 

ELLEMEET (The meteorite ofl. 724. 

ENAMEL-ORGANS (On the occurrence of vascularizedJ. 298. 

ENERGY (Investigations on the free) of a mixture of ions. HS. 

ENZYME (The so-calkd cool of alcoholic fermentation . 569. 

EQUATION OF STATE (On the) of solid substances. IV. Conclusion. 383. 

EQUILIBRIA in systems in which phases, separated by a semi-permeable membrane. XIX. 

282: XX. 401 : XXI. 521: XXII. 610: XXIII. 635. 

ERRATUM. 431, 626. 

ERRORS (Method of calculating the mean) of the standard deviations, coefficients of 

correlation and coefficients of regression with n linearly correlated variables. 823. 

ETHYLENE (On the rectilinear diameter of). 105'i. 

- (Vapour tensions of liquid). 1057, 

- (Preliminary isotherms of). 1059. 

EUCLIDEAN MBASURE (The definition of) in the projective plane. 423. 

EYKMAN (C.). Experiments with JAN SEN and DONATH'S antiberiberi-vitamin. 376. 

FERMENTATION (The so-called co-enzyme of alcoholic). 569. 

FIBRATION (On differential), 1062. 

FLOCCULATION (The) of agarsols through salt mixtures. 740. 

F LOR S C HOT Z (F ,I. On a DryasHora-bearing deposit in the Netherlands 3'14. 

FLUORIDES (On some phenomenB which are caused by the low indices of refraction of 

alkali boron). 350. 

FLUORINE (Note on regularities in the spectra of) and chlorine. 20. 

- (The structure of the) spectrum (F. J.). 9'14. 

FOSSIL FOUND (Report on a) at Trinil in 1926, and erroneously considered as the remains 

of a skull of Pithecanthropus. 126. 

FUNDAMENTALSATZES (Zum Beweise des zweiten) der symbolischen Methode. 166. 

GANGUNTERSCHIEDSVERHÄLTNISSE (On M. BEREK'S Methode der charakteristischen). 534. 

GARFIT WATTS (H,). vide WATTS (H. GARFIT). 

GASES (On the luminescence produced by bombarding solidified) with electric rays at the 

temperature of liquid helium. 514. 



CONTENTS VII 

GEANTICLINES (Fractures and faults near the surfac of moving) IV. The elastie rebound 

of the earth crust in Central Honshu. 272. 

GE ELS (P.). A. MICHELS and Miss C. VER AART. In8uence of the pressure on the electric 

conductivity of gold. 47. 

GENERATlONS (A statistic inquiry into the p~ychic differences between the) of to-day and 

former times. 958. 

GeneticI. J. F . VAN BEMMELEN: "Heredity of mental faculties". 769. 

Geology. H. A. BROUWER: "Fractures Bnd faults near the surface of moving geantidines. 

IV. The elastie rebound of the earth crust in Central Honshu". 272. 

- L. H. KROL: "On the occurrence of the Danauformation in Martapura (S. E. Borneo)". 338. 

P. ROGGEVEEN : "Profiles through the sync1ines of Comblain au Pont and Chanxhe". 346. 

W . NIEUWENKAMP: "The meteorite of Ellemeet. 724. 

J. VERSLUYS: "The compacting pressure of sediments". 1004. 

Geology (Applied) . J. VERSLUYS: " Earth movements caused by coalmining". 864. 

GEOMETRICAL INTRODUCTION (Analytical IntroductIon of the trigonometrical functions, 

adopted to the). 474. 

G I BSON (R. 0.) and C. A. CROMMELIN. The vapour pressures ofsolid and liquid neon. 362. 

GOLD (In8uence of the pressure on .the electric conductivity of). 47. 

GOR TER (G H RIS TIN E J.). On the occurrence of growth-accelerating and growth

retarding substances. 728. 

Go U 0 S M I T (S.). The structure of the calcium 8uoride band À 6087. 355. 

GRAVITY (Provisional results of determinations of), made during the voyage of Her 

Majesty's submarine K XIII from Holland via Panama to Java. 743. 

- (On the retarding in8uence of the longitudinal component of) on the geotropie 

reacton of roots ot Pisum sativum. 930. 

GROWTH-ACCELERATING SUBSTANCES (On) in the coleoptile of Avena sativa. 10. 

- (On the occurrenee of) and growth retarding substances. 728. 

GROWTH-REACTONS (On the light-) in different zones of the coleoptile of Avena sativa. 2. 

H A A F (E. C. F. TEN) and A. MICHELS. The three-phase-lines of the systems: water-

orthocresol. water-metacresol and water-paracresol. 52. 

HAAS (W. J. DE) and M. KINOSHITA. Rigidity of super-conductive metals. 598. 

HALOS (Contribution to the explanation of complex) 172. 

HAMBURGER (W.), A. J. BOEKELMAN, C. H. H. SPRONCK and K. HOEFNAGEL. 

Concerning the transmutant of the tuberde-bacillus B T Tx as tuberculosis-diagnostl

cum. 643. 

HAUYNE (Roentgenspectrographic investigations on the structure of the artlficial ultra

marines and the problem concerning their relations to the minerais) Nosean, Sodalite 

Lazurite and Nephelite. 2i9. 

HEART (On the origin of the radiation substances and their action on the). 624. 

HEAT (On the exact determination of the specific) of solid substances between 0° and 

1625° C. I. Method and apparatus. 905; 11. The specific heat of platlnum and 

tungsten. 1069. 

(The melting-curve of helium and the) -theorem of NERNST. 952. 

- (The melting-point line of helium and NERNST's theorem of). 957. 



VIJl CONTENTS 

HEATS (On the) resp. pressures of evaporation sublimation and melting. also in the 

neighbourhood of the absolute zero. in connection with NERNST's so-called heat

theorem. (On the equation of state of solid substances. IV. Conclusion) . 383. 

- (The specific) of solid substances at the temperatures attainable with the help of 

liquid helium I. Measurements of the atomie heat of lead. -B4. 

HEDROCYSTIS PELLUCIDA HERTW. & LESS (On the structure. life-history and develop

ment of). 308. 

HE E L (A. C. S. V A N). On the absorption-spectrum of chromium-oxy-chloride. 95. 

HELIUM (The duration of metastable states of neon. argon and). 33. 

- (On the course of the meltingpoint-line of) at very low temperatures. 244. 

- (The specific heats of solid substances at the temperatures attainable with the help 

of liquid). I. Measurements of the atomie heat of lead. -B4. 

- On the luminescence produced by bombarding solidified gases with electric rays at 

the temperature of liquid). 514. 

(The melting-curve of) and the heat theorem of NERNST. 952. 

- (The melting-point line of) and NERNST's theorem of heat. 957. 

- (The fundamental pressure-coefficient of). 970. 

HEREDITY of mental faculties. 769. 

HER I N G A (G. c.) and M . MINNAERT. Concerning an optie phenomenon In tendons. 

lIl . 594. 

HEXOSES (The first phases of the chemistry of the dissimilation of the) . 871. 

Hiatology. G. C. HER INGA and M. MINNAERT : .. Concerning an optie phenomenon in 

tendons". lIl. 594. 

HOE P NAG E L (K.). W. HAMBURGER. A. J. BOEKELMAN and C . H . H. SPRONCK. Con

cerning the transmutant of the tubercle-bacillus BTTx as tuberculosis-diagnostieum. 643. 

HONSHU (Practures and faults near the surface of moving geantlclines. IV. The elastie 

rebound of the earth crust in Centrai). 272. 

HOOG E N R A A D (H. R.). On the structure. llfe-history and development of Hedrocystis 

pellucida HERTW. & LESS. 308. 

HORMONES (Radiation-substances and cardiae). 184. 

HOR S T (Miss H. V A N DER) and W. H. K E E SOM. The fundamental pressure-coeffi

cient of helium. 970. 

HUMIDITY (On the atmospheric) during the flowerformation of the hyacinth. 206. 

Hu R E W I C Z (W.). Ueber stetige Bilder von Punktmengen. 159. 

- Ueber das Verhältnis separabler Räume zu kompakten Räumen. 425. 

Hu Y SER (H. W.) and P . VAN ROMBURGH. Pormation of derivatives of dihydroben

zimidazole and tetrahydrochinoxaline by the action of acetie anhydride and zinc 

chloride on nitroderivates of alkylanilines. Ili4. 

HYACINTH (On the atmospherie humidity during the flower-formation of the). 206. 

HYACINTHUS ORIENTALIS (On the favorable effect of 35° C. on the cell-formation in 

foliage-leaves of) . 197. 

Hydrology. J. VERSLUYS: "An hypothesis explaining some characteristics of clay". 104. 

ICE-POINT (The) of the thermometer scale. 1017. 

IUO-COLONRING (Observations on the adhesive apparatus and the function of the) in 

the living larva of Amphioxus in the growth-period. 991. 



CONTENTS 

IMMUNIZATION (On the mutual) in Aphthae epizoöticae and vaccine. 543. 

INCREASE OF STATURE (On the continuance of the) in Holland. 685. 

INNERVATION (On the segmental) of the skin of rays. 734. 

IONS (Investigations on the free energy of a mixture of). 145. 

ISOTHERMS (Preliminary) of ethylene. 1059. 

IX 

JAEGER (F. M .). H. G. K. WESTENBRINK and F. A. VAN MELLE. Roentgenspectro

graphic investigations on the structure of the artificial ultramarines and the problem 

concerning their relations to the minerals Hauyne. Nosean. Sodalite. Lazurite and 

Nephelite. 249. 

- and F. A. VAN MELLE. Investigations into the constitution of artificial ultramarines. 11. 

On ultramarine-blue with high silica-content and on silver-. silversodium-. selenium

and silverselenium-ultramarines. 479. 

- Investigations into the structure of the artificial ultramarines. lIl. On silver- and 

alcali-silver-ultramarines which are derivatives of GUIMET'S ultramarine-blue with 

high silica-content and on mixed alcali ultramarines and norm. butyl-silver-ultra

marine. 885. 

- and E. ROSENBOHM. On the exact determinations of the specific heat of solid 

substances between 0° and 16250 C . I. Method and apparatus. 905; 11. The specific 

heat of platinum and tungsten. 1069. 

JAN SEN (Experiments with) and DONATH's antiberiberl-vitamin. 376. 

JAN SEN (Miss A. F. J). and W . H. KEESOM. The thermal expansion of silver between 

+ 101 0 e. and - 2530 C . 576. 

KAP PER S (e. U. A R I 10: N sj. Indices for the anthropology of the brain applied to Chinese. 

dolicho- and brachycephalic Dutch. foetuses and neonati. 81. 

KEESOM (W. H .). On the diffraction of Röntgen-rays in fused sodium and potassium341. 

- and DONALD H. ANDREWS. The specific heats of solid substances at the temperatures 

attainable with the help of liquid helium. I. Measurements of the atomic heat of lead. 434. 

- and L. VEGARD. On the luminescence produced by bombarding solidified gases 

with electric rays at the temperature of liquid helium. 514. 

- and miss A. F. J. JANSEN. The thermal expansion of silver between + 10 IOC. 

and - 253 0 C . 576. 

The melting-curve of helium and the heat-theorem of NERNST. 952. 

and Miss H. VAN DER HORST.The fundamental pressure.coefficient of helium. 970. 

KILOGRAM MES (On the variability of old standard). 1089. 

KIN 0 S HIT A (M.) and W. J. DE HAAS. Rigidity of super-conductive metals. 598. 

KL E IJ N (D.) and E. H. BOCHNER. The Bocculation of agarsols through salt mixtures. 740. 

KLU Y VER (A. J.) and A. P . STRUYK. The so-called co-enzyme of alcoholic fermentation . 569. 

- The first phases of the chemistry of the dissimilation of the hexoses. 871. 

KOL (J. W. A. V A N). A one-four representation of a complex of twisted cubics on the 

points of space. 1010. 

KR A MER S (H. A .). Investigations on the free energy of a mixture of lons. 145. 

KRO L (L. H.). On the occurrenee of the Danauformation in Martapura (5. E. Borneo). 338. 

KROMME (L. DE) and N. WATERMAN. On the isoiation ofasubstancewithcarcinolyttc 

properties from the reticulo-endothelial system. 499. 



x CONTENTS 

L A A R (J. J. V A N). On the course of the meltingpoint-line of helium at very low 

temperatures. 244. 

- On the heats. resp. pressures of evaporation. sublimation and melting. also in the 

neighbourhood of the absolute zero. in connection with NERNST's so-called heat

theorem. (On the equation of state of solid substances. IV. Conclusion). 383, 

- The melting-point line of helium IInd NERNST'S theorem of heat. 957. 

LAMBERT's LAW (The deviation from) for incandescent tungsten and molybdenum. 853. 

LAPLAND (Preliminary report on the expedition tol for the observation of the total solar 

eclipse of June 29th 1927. 921. 

LAZURITE (Roentgenspectrographie investigations on the structure of the artificial ultra

marines and the problem concerning their relations to the minerals Hauyne. Nosean. 

Sodalite) and Nephelite. 249. 

LEAD (Measurements of the atomie heat of). 434. 

LEPTOSPIRA-STRAINS (Experiments on the differential characters of) with introductory 

remarks on the process of agglutination and lysis. 25 . 

LIGHT OXYDATION (The) of alcohols as contribution to the knowledge of the photo

chemieal phenomena. 189. 

LIQUIDS (Osmosis of ternary) . General conslderations. I. 761; 11. 934; III . \095; IV. 1\06. 

LUMINESCENCE (On the) produced by bombarding solidified gases with electrie rays at 

the temperature of liquid helium. 514. 

Lu Y TEN (I D A). On the favorable effect of 35° C. on the cell-formation in foliage

leaves of Hyacinthus orientalis. 197. 

- Rapid Ilowering of early tulips. 502. 

LYSIS (Experiments on the differential characters of Leptospira-strains with introductory 

remarks on the process of agglutination and). 25. 

MA (W EN C H A 0). A comparison of the form of the callosum and septum in Chinese. 

Philippino and Dutch brains. 329. 

M A A N E N (A D R I A A N V A N). The proper motions of the globular clusters Messier 13. 

56 and 2 and their interval motions. 681. 

MALARIA (On anophelism without) around Amsterdam. 61. 

MARTAPURA (S. E . BORNEO) (On the occurrence of the Danauformation in), 338. 

Mathematics, W . P. THI)SEN: "On the development of a function of two real variables 

Into series of polynomials". 69. 

KARL MENGER: "Das Hauptproblem über die dimensionelle Struktur der Räume" . 138, 

- W, HUREWICZ: "Ueber stetige Bilder von Punktmengen" . 159. 

- R, WEITZENBÖCK: "Zum Beweise des zweiten Fundamentalsatzes der symbolischen 

Methode", 166. 

E. BORTOLOTTI: "On metric connexions with absolute parallelism". 216. 

R. WEITZENBÖCK : "Ueber Syzygien bei sechs binären Linearformen". 219. 

JAN DE VRIES: "A complex of conies". 268. 

J. A . SCHOUTEN: "The invariants of linear connexions with different transfor

mations" . 276. 

- PRED, SCHUH : "Fusion of the existing theories of the irrational number into a new 

theory". 368. 

- O. BOTTEMA : "The definition of Euclidean measure in the projective plane" . 423, 



CONTENTS XI 

Mathematics. - W. HUREWICZ: "Ueber das VerhäItnis separabler Räume zu kompakten 

Räumen" 425 . 

PRED. SCHUH : "Comparison of the simplified theories of the irrational number" . 467. 

PRED. SCHUH: "Analytical introduction of the trigonometrical functions. adapted to 

the geometrical introduction". 474. 

- H . J. VAN VEEN : "A representation on RB of the projectivities of point-fields and 

ray-fields". 552. 

H . J. VAN VEEN : "Systems of plane collineations". 559. 

- JAN DE VRIES: "A congruence of plane monoids" . 566. 

- G. SCHAAKE: "The quadratic birational correspondence between two linear complexes 

of rays". 657. 

- M. H. A. NEWMAN: ·On the foundations of combinatory Analysis Situs". Additions 

and corrections. 670. 

K. MENGER : "Zusammenhangsstufen und Cantorsche Mannigfaltigkeiten". 705. 

K. MENGER : "Bemerkungen zur zweiten Untersuchung über allÇJemeine Metrik". 710. 

M. J. VAN UVEN: "Method of calculating the mean errors of the standard deviations 

coefficients of correlation and coefficients of regression with n linearly correlated 

variables" . 823. 

JAN DE VRIES: "A representation of the congruence of REYE". 850. 

JAN DE VRIES : "Representation of a bilinear congruence of conics". 988. 

J. W. A. VAN KOL: "A one-four representation of a complex of twisted cubics on 

the points of space" . 1010. 

- M. J. VAN UVEN : "Linear adjustment of a set of pairs of numbers (Xk. Yk)" . 1021. 

MAT T H I AS (E.). C. A. CROMMELIN and H . GARFIT WATTS. On the rectilinear 

diameter of ethylene. 1054. 

MEDIUM (The influence of pressure on the reaction velocity and the function of the) . 1039. 

MEESTER (WILHELM A A. T. DE) and A. L. TH. MOESVELD. The influence of 

pressure on the reaction velocity and the function of the medium. 1039. 

MEINESZ (P. A. VENING). Provisional results of determinations of gravity. made 

during the voyage of Her Majesty's submarine K XIII from Holland via Panama to 

Java. 743. 

ME L L E (P. A . V A N). F. M . JAEGER and H . G. K. WESTEN BRINK. Roentgenspectro

graphic investigations on the structure of the artificial ultramarines and the problem 

concerning their relations to the minerals Hauyne. Nosean. Sodalite. Lazurite and 

Nephelite. 249. 

- and F. M. JAEGER. Investigations into the constitution of artificial ultramarines. 11. 

On ultramarine-blue with high silica-content and on silver-. silversodium-. selenium

and silverselenium-ultramarines. 479. 

- Investigations into the structure of the artificial ultramarines. lIl. On silver- and 

alcali-silver ultramarines which are derivatives of GUIMET'S ultramarine-blue with 

high silica content. and on mixed alcali-ultramarines and norm. butyl-silver-ultra

marine. 885. 

MELTING-CURVE (The) of helium and the heat-theorem of NERNST. 952. 

MELTINGPOINT-LINE (On the course of the) of helium at very low temperatures. 244. 

- (The) of helium and NERNST'S theorem of heat. 957. 



XII CONTENTS 

MENGER (KARL). Das Hauptproblem über die dimensionelle Struktur der Räume. 138. 

- Zusammenhangsstufen und Cantorsche Mannigfaltigkeiten. 705. 

- Bemerkungen zur zweiten Untersuchung über allgemeine Metrik. 710. 

MENTAL FACULTIES (Heredity of). 769. 

MESSIER 13, 56 and 2 (The proper motions of the globular clusters) and their internal 

motions. 68l. 

METALS (Rigidity of super-conductive). 598. 

METEORITE (The) of Ellemeet. 724. 

Meteorology. M. PINKHOF : "Contribution to the explanation of complex halos". 172. 

METRIK (Bemerkungen zur zweiten Untersuchung über allgemeine). 710. 

MI C HEL S (A.) , P . GEELS and Miss C. VERAART. InHuence of the pressure on the 

electrie conductivity of gold. 47. 

MI C HEL S (A.) and E . C. F. TEN HAAF. The three-phase-lines of the systems : water

orthocresol. water-metacresol and water-paracresol. 52. 

- and F. COETERIER: "The iee-point of the thermometer scale". 1017. 

Microbiology. W. SCHOFFNER and ACHMED MOCHT AR: "Experiments on the differential 

characters of Leptospirastrains with introductory remarks on the process of agglu

tination and lysis". 25. 

- N. L. WIBAUT-IsEBREE MOENS: "On the disappearance of bacillus typhi from 

water". 414. 

S. L. SCHOUTEN: ··On digestion in protozoa". 619. 

A. PIJPER: "On differential fibration". 1062. 

MIDBRAIN (Structural parallelism in the) and tweenbrain of teleosts and of birds. 695. 

MINERALOGICAL COMPOSITION (A contribution regarding the) of some of the soils of the 

Netherlands. 365. 

Mineralogy. J. H. DRUIF : "A contribution regarding the mineralogieal composition of 

some of the soils of the Netherlands. 365. 

MIN N A E R T (M.) and G. C. HERINGA. Concerning an optie phenomenon in tendons. 594. 

- and A. PANNEKOEK. Preliminary report on the expedition to Lapland for the obser

vation of the total solar eclipse of June 29th. 1927. 92l. 

MIXTURES (The Hocculation of agarsols through salt). 740. 

M 0 C H T A R (A C H M E D) and W . SCHOFFNER. Experiments on the differential charac

ters of Leptospira-strains with introductory remarks on the process of agglutination 

and lysis. 25. 

MOE N S (N. L. W I B A U T-I S EB REE). On the disappearance of bacillus typhi 

Erom water. 44i. 

MOE S VEL D (A. L. TH.) and WILHELMA A. T. DE MEESTER. The influence of 

pressure on the reaction velocity and the function of the medium. 1039. 

MOLYBDENUM (The deviation from LAMBERT's law for incandescent tungsten and). 853. 

MONOIDS (A congruence of plane). 566. 

MUL L E R (J.). On the occurrence of vascularized Enamel-organs. 298. 

MUSCLES (The action of veratrin on skeletal). 235. 

Mus KEN S (L. J. J.). An anatomo-physiological study of the supra-vestibular tractus 

in Columba domestiea. 455. 



CON T E N~T S XIII 

MIJ S B ERG (W. A.) and H. J. T. BIJLMER. Report on a fo~sil found at Trinil in 1926, 

and erroneously consldered as the remains of a skull of Pithecanthropus. 126. 

NECATOR (The Nemas Anchylostoma and). 113; Il. 581. 

- (New researches on the larvae of Anchylostoma duodenale DUB. and) americanus 

STILES. 581. 

NEMAS ANCHYLOSTOMA (The) and Necator. 113; Il. 581. 

NEON (The duration of metastable states of) argon and helium. 33. 

- (The vapour pressures of solid and liquid). 362. 

NEOSTRIATUM (The connection of the cortex with the) and Palaeostriatum in rabbits. 811. 

NEPHELITE (Roentgenspectrographic investigations on the structure of the artificial uItra
marines and the problem concerning their relations to the minerals Hauyne, Nosean, 
Sodalite, Lazurite and). 219. 

NE R N S T (On the heats, resp. pressures of evaporation, sublimation and melting, also in 
the neighbourhood of the absolute zero, in connection with the so-called heat-theorem 
of). (On the equation of state of solid substances. IV. Conclusion). 383. 

- (The melting-curve of helium and the heat-theorem of). 952. 

- (The melting-point line of helium and the theorem of heat of). 957. 

NE W MAN (M. H. A.) On the foundations of combinatory Analysis Situs. Additions 

and corrections. 670. 

NI E UWE N KAM P (W.). On M. BEREK'S Methode der charakteristlschen Gangunter
schiedsverhältnisse. 531. 

The meteorite of Ellemeet. 721. 

NOSEAN (Roentgenspectrographic investigations on the structure of the artificial uItrama
rines and the problem concerning their relations to the minerals Hauyne). Sodalite, 
Lazurite and Nephelite. 219. 

NUMBER (Fusion of the existing theories of the irrational) into a new theory. 368. 

(Comparison of the simplified theories of the irrational). 167. 

NUMBERS (Xk, Yk) (Linear adjustment of a set of pairs of). 1021. 

OIL (The essential) from the leaves of Caesalpinia Sappan L. 810. 

OSMOSIS of ternary liquids. General considerations. I. 761; U. 931; 111. 1095; IV. 1106. 

o IJ E N (C. F. V A N). On the mutual immunization in Aphthae epizoöticae and vaccine. 513. 

Palaeobotany. O. POSTHUMUS : "Some remarks concerning the palaeozoic flora of Djambi, 

Sumatra. 628. 

Palaeontology. W. A. MIJSBERG and H . J. T. BIJLMER : "Report on a fossilfound at Trinil 

in 1926, and erroneously considered as the remains of a skull of Pithecanthropus". 126. 

EUG. DUBOlS : "The so-called new Pithecantropus skull" 131. 

- F. FLORSCHüTZ: "On a Dryasflora-bearing deposit in the Netherlands". 311. 

- TAN SIN HOK: "Discoasteridae incertae sedis". 111. 

PALAEOSTRIATUM (The connection of the cortex with the Neostriatum andl in rabbits. 811. 

PALAEOZOIC FLORA (Some remarks concerning the) of Djambi, Sumatra. 628. 

PAN NEK 0 E K (A.) and M. G. J. MINNAERT. Preliminary report on the expedition to 
Lapland for the observation of the total solar eclipse of June 29th 1927. 921. 

PARALLELISM (On metric connexions with absolute). 216. 

Pathology. N. H. SWELLENGREBEL, A. DE BUCK and E. SCHOUTE: "On anophelism 
without malaria around Amsterdam" 61. 

- N. WATERMAN and L. DE KROMME: On the isolation of a substance with carcino

lytlc properties from the reticulo-endothelial system". 199. 



XIV CONTENTS 

Patbology (Comparative) C. F. VAN OIJEN: On the mutual immunization in Aphthae 

epizoötieae and vaccine. 543. 

PHASE-LINES (The three) of the systems: water-orthocresol. water-metacresol and water

paracresol. 52 . 

. PHASES (Equilibria in systems in whieh) separated by a semy-permeable membrane. 

XIX. 282: XX. 401: XXI. 521; XXII. 610; XXIII. 635. 

PHYCOMYCES BLAKESLEEANUS BURGEFF (The influence of temperature on the respiration 

of.) 674. 

Phy.lcs. T. L. DE BRUIN: "Note on regularlties in the spectra of f1uorine and chlorine". 20. 

- H. B. DORGELO and T . P . K. WASHINGTON : "The duration of metastable states of 

neon, argon and helium" 33. 

- A. MICHELS. P. GEELS and Miss C. VERAART : "Influence of the pressure on the 

electric conductivity of gold" 47. 

- A . MICHELS and E . C . F. TEN HAAF: "The three-phase-Iines of the systems: water-

orthocresol. water-metacresol and water-paracresol". 52. 

A. C . S. VAN HEEL: "On the absorption-spe.ctrum of chromium-oxy-chloride". 95. 

H. A.KRAMERS: "Investigations on the free energy of a mixture of ions". 145. 

J. J. VAN LAAR: "On the course of the meltingpoint-line of helium at very low 

temperatures". 244. 

- W. H. KEESOM: "On the diffraction of Röntgen-rays in fused sodium and potas

sium". 341. 

- J. H . DE BOER: "On some phenomena which are caused by the low indiees of 

refraction of alkali boron fluorides. 350. 

S. GOUDSMIT: "The structure of the calcium fluoride band }, 6087". 355. 

C. A . CROMMELIN and R. O. GIBSON: "The vapour pressures of solid and liquid 

neon". 362. 

- J. J. VAN LAAR: "On the heats. resp. pressures of evaporation, sublimatlon and 

melting, al50 in the neighbourhood of the absolute zero, in connection with NERNST'S 

so-cal1ed heat-theorem. (On the equation of state of solid substances. IV. Conclusion) 383. 

- W . H. KEESOM and DONALD H. ANDREWS: "The specifie heats of solid substances 

at the temperatures attainable with the help of liquid helium. I. Measurements of the 

atomie heat of lead." 434. 

- L. VEGARD and W. H. KEESOM: "On the luminescence produced by bombarding 

solidified gases with electrie rays at the temperature of liquid helium." 514. 

- W. H. KEES OM and Miss A. F. J. JANSEN : "The thermal expansion of silver 

between + 101 0 C. and -2530 C . 576. 

- W. J. DE HAAS and M. KINOSHITA: "Rigidity of supe.r-conductive metals." 598. 

- F. A . VENING MEINESZ : Provisional results of determinations of gravity, made 

durlng the voyage of Her Majesty' s submarine K XIII from Holland via Panama to 

Java." 743. 

- C. ZWIKKER: "The deviation from LAMBERT'S law for incandescent tungsten and . 

molybdenum. " 853. 

- P. CLAUSING: "On the mean value5 of straight and curved chords of geometrieal 

bodies." 860. 

- T. L. DE BRUIN : "The structure of the f1uorine spectrum (F. 1.)." 944. 



CONTENTS xv 

PhYlliclI. W. H. KEESOM: "The melting-curve of helium and the heat-theorem of 

NERNST." 952. 

- J. J. VAN LAAR: "The melting-point line of helium and NERNST'S theorem of 

heat." 957. 

W . H . KEESOM and Miss H. VAN DER HORST: "The fundamental pressure-coeffi

cient of helium". 970. 

A. MICHELS and F. COETERIER: The iee-point of the thermometer scale" 1017. 

E. MATTHIAS. C. A . CROMMELIN and H . GARFIT WATTS: On the rectillnear 

diameter of ethylene." 105'i. 

C. A CROMMELIN and H . GARFIT WATTS: "Vapour tensions of Iiquid ethylene." 1057. 

C. A. CROMMELIN and H. GARFIT WATTS: "Preliminary isotherms of ethylene." 1059. 

L. H. SIERTSEMA : "On the variability of old standard kilogrammes. 1089. 

J. CLAY: "Penetrating radiation". 1115. 

Physiology. H. ZWAARDEMAKER : Radiation-substances and cardiac hormones." 184. 

- S. DE BOER: "The action of veratrin on skeletal muscles. At the same time an 

application of our knowledge of the segmentation of the frog's M . gastrocnemlus on 

the problem of the refractory stage of skeletal muscles af ter veratrin poisonlng". 235. 

- C. EYKMAN : Experiments with JANSEN and DONATH'S antiberiberi-vitamin. 376. 

H . Zw AARDEMAKER : "On some properties of the radiation-substances (with weak 

radiation)." 420. 

- L. J. J. MUSKENS: "An anatomo-physiologieal study of the supra-vestibular tractus 

in Columba domestiea." 455. 

- H. ZWAARDEMAKER: "On the origin of the radiation substances and their action 

on the heart'" 624. 

- LAURETTA BEN DER : An experimental study of the cerebellar control of the vocal 

organs." 715. 

J. TEN CATE : "On the segmental innervation of the skin of rays." 734. 

- G. G . J. RADEMAKER : "On the physiology of reflex-standing." 796. 

PIN K HOF (M.) Contribution to the explanation of complex halos. 172. 

PISUM SATIVUM (On the retarding influence of the 10ngitudinBI component of gravity 

on the geotropie reaction of roots of). 930. 

PITHECANTHROPUS (Report on a fossil found at Trinil in 1926. and erroneously considered 

as the remains of a skull of) . 126. 

- (The so-called new skull of). 134. 

PLANE (The definition of Euc\idean measure in the projective) . 423. 

PLATINUM (The specilk heat of) and tungsten. 1069. 

POINT-FIELDS AND RAY-FIELDS (A representation on RB of the projectivities of). 552. 

POLYNOMIALS (On the development of a function of two real variables into series of). 69. 

POLYOXY-COMPOUNDS (Some remarks on the condensation products of) with chloral. 55. 

POS T HUM U S (0.). Some remarks concerning palaeozoie flora of Djambi. Sumatra. 628. 

POTASSlUM (On the dilfraction of Röntgen-rays in dilfused sodium and). 341. 

PRESSURE (The compacting) of sediments. 1004. 

_ (The influence of) on the reaction velocity and the funetion of the medium. 1039. 

PROTOZOA (On digestion in). 619. 



XVI CONTENTS 

PSYCHIC DIFFERENCES (A statistic inquiry into the) between the generations of to-day 

and tormer times. 958. 

Psycbology. D. WIERSMA: "A statistic inquiry into the psychic differences between the 

generations of to-day and former times". 958. 

PUNKTMENGEN (Ueber stetige Bilder von). 159. 

PIJ PER (A.). On differential fibration. 1062. 

RABBITS (The connection of the cortex with the Neostriatum and Palaeostriatum in) 811. 

RACES (On the origin of human). 320. 

RADEMAKER (G. G. J.) . On the physiology of reflex-standing. 796. 

RADIATION (Penetrating). 1115. 

RADIATION-SUBSTANCES and cardiac hormones. 184. 

- (On some properties of the) with weak radiation. 120. 

- (On the origin of the) and their action on the heart. 624. 

RÄUME (Das Hauptproblem über die dimensionelle Struktur der) . 138. 

- (Ueber das Verhältnis separabler) zu kompakten Räumen. 125. 

RAYS (The quadratic birational correspondence between two linear complexes of). 657. 

RA YS (Raja clavata) (On the segmental innervation of the skin of). 731. 

REFLEX-STANDING (On the physiology of) . 796. 

REFRACTION (On some phenomena which are caused by the low indices of) of alkali 

boron fluorides. 350. 

RETICULO-ENDOTHELIAL SYSTEM (On the isolation of a substance with carcinolytic pro-

perties from the). 199. 

REYE (A representation of the congruence of). 850. 

RHIZOCEPHALA (On the larval forms of). 293. 

RIGIDITY of super-conductive metals. 598. 

ROGGE VEE N. (P.). Profiles through the synclines of Comblain au Pont and Chanxhe. 346. 

ROM B U R G H (P. V A N). The essential oil from the leaves of Caesalpinia Sappan L. 

(Provisional communication) 81 Q 

- and H. W. HUYSER. Formation of derivatives of dihydrobenzimidazole and tetra

hydrochinoxaline by the action of acetic anhydride and zinc chloride on nitroderivates 

of alkylanilines. 844. 

RÖNTGEN-RA YS (On the diffraction of) in fused sodium and potassium. 311. 

Ros EN B 0 H M (E.) and F. M. JAEGER. On the exact determination of the specific heat 

of solid substances between 0° and 1625° C. I. Method and apparatus 905: 11. The 

specific heat of platinum and tungsten. 1069. 

S C H A A K E (G.). The quadratic birational correspondence between two linear complexes 

of rays. 657. 

Sc HOU T E (E.), N. H. SWELLENGREBEL and A. DE BUCK. On anophelism without 

malaria around Amsterdam. 61. 

Sc HOU TEN (J. A.). The invariants of linear connexions with different transformations. 276. 

Sc HOU TEN (S. L.). On digestion in Protozoa. 619. 

Sc H REI N E MAK ERS (F. A. H.). Equilibria in systems in which phases, separated by 

a semi-permeable membrane. XIX. 282: XX. 401: XXI. 521 : XXII. 610: XXIII. 635. 

- Osmosis of ternary liquids. General considerations. I. 761: 11. 934: III. 1095: 

IV. 1106. 



CONTENTS XVII 

Sc HOF F NE R (W.) and ACHMED MOCHT AR. Experiments on the differential characters 

of Leptospira-strains with introductory remarks on the process of agglutination and 

lysis. 25 

S C H U H (F RED.). Fusion of the existing theories of the irrational number into a new 

theory. 368. 

- Comparison of the simplified theories of the irrational number. 467. 

- Analytical introduction of the trigonometrical functions, adapted to the geometrical 

introduction. 474. 

SCHUURMANS STEKHOVEN JR. (J. H.) vide STEKHOVENJR. (J.H. SCHUURMANS). 

SEDIMENTS (The compacting pressure of). 1004. 

SEEDLINGS (On the so-called traumatotropic curvatures of oat). 756. 

SEPTUM (A comparison of the form of the callosum and) in Chinese, Philippino and 

Dutch brains. 329. 

Ser~logy. C. H. H . SPRONCK, K. HOEFNAGEL, W . HAMBURGER and A. J. BOEKELMAN : 

.. Concerning the trans mutant of the tubercle-bacillus BTTx as tuberculosis dia

gnosticum. 643. 

SI ER T SE M A (L. H.) On the variability of old standard kilogrammes. 1089. 

SILVER (The thermal expansion of) between + 101 0 C. and - 253 0 C . 576. 

SKULL OF PITHECANTHROPUS (Report on a fossil found at Trinil in 1926, and erro

neously considered as the remains of a). 126. 

SKULL (The so-called new Pithecanthropus). 134. 

SODALITE (Roentgenspectrographlc Investigations on the structure of the artificial ultra

marines and the problem concerning their relations to the minerals Hauyne, Nosean,) 

Lazurite and Nephelite. 249. 

SODIUM (On the diffraction of Röntgen-rays in diffused) and potassium. 341. 

SOILS OF THE NETHERLANDS (A contribution regarding the mineraloglcal composition 

of some of the). 365. 

SOLAR ECLIPSE (Preliminary report on .the expedition to Lapland for the observation of 

the total) of June 29th 1927. 921. 

SPACE (A one-four representation of a complex of twisted cubics on the points of). 1010. 

SPECTRA (Note on regularities in the) of fluorine and chlorine. 20. 

SPECTRUM (On the absorption-) of chromium-oxy-chlorlde. 95. 

- (The structure of the fluorine) (F. 1.). 944. 

SP RON C K (C. H. H .), K. HOEFNAGEL, W. HAMBURGER and A. J. BOEKELMAN. 

Concernlng the transmutant of the tubercle-bacillus BTTx as tuberculosis-diagnosti

cum. 643. 

STANDING (On the physiology of reflex-I. 796. 

STATURE (On the continuanee of the increase of) in Holland. 685. 

ST E K H 0 VEN JR. (J. H. Sc H U URM A N s). The Nemas Anchylostoma and Necator, 

113; Il. 581. 

STR U Y K (A. P.) and A. J. KLUYVER. The so-called co-enzyme of alcoholic fermen

tation. 569. 

- The first phases of the chemistry of the dissimilation of the hexoses. 871. 

SUBSTANCES (On growth-accelerating) in the coleoptile of Avena Sativa. 10. 



XVIII CONTENTS 

SUBSTANCES (On the equation of state of solid). IV. Conclusion. 383. 

- (The specifie heats of solid) at the temperatures attainable with the help of Iiquid 

helium. I. Measurements of the atomie heat of lead. 434. 

- (On the occurrenee of growth-accelerating and growth-retarding). 728. 

- (On the exact determination of the specifie heat of solid) between 0° and 1625° Cl. 

Method and apparatus. 905; II. The specifie heat of platinum and tungsten. 1069. 

SWELLENGREBEL (N. H.), A. DE BUCK and E. SCHOUTE. On anophelism without 

malaria around Amsterdam. 61. 

SYMBOLISCHEN METHODE (Zum Beweise des zweiten Fundamentalsatzes der). 166. 

SYMBOLS OF ZONES (On quaternary). 980. 

SYNCLINES (Profiles through the) of Comblain au Pont and Chanxhe. 346. 

SYZYGIEN (Ueber) bei sechs binären Linearformen. 219. 

TAN SIN HOK. Discoasteridae incertae sedis. 411. 

TELEOSTS (Structural parallelism in the midbrain and tweenbrain of) and of birds. 695. 

TEMPERATURES (On the course of the meltingpoint-Iine of helium at very low). 244. 

TEN DEL 0 0 (N A N N V). On the so-called traumatotropic curvatures of oat seedlings. 756. 

TEN DON S (Concerning an optie phenomenon in). 594. 

TETRAHYDROCHINOXALINE (Formation of derivatives of dihydrobenzimidazole and) by 

the action of acetic anhydride and zinc chloride on nitroderivates of alkylanilines. 844. 

THERMOMETER SCALE (The iee-point of the). 1017. 

TH IJ SEN (W. P.). On the development of a function of two real variables into series 

of polynomials. 69. 

TRANSFORMATIONS (The invariants of Iinear connexions with different). 276. 

TRAUMATOTROPIC CURVATURE!" (On the so-called) of oat seedlings. 756. 

TRIGONOMETRICAL FUNCTIONS (Analytical introduction of the), adapted to the geome-

tricai introduction. 474. 

TUBERCLE-BACILLUS BTTx. (Concerning the transmutant of the) as tuberculosis-dia

gnostieum. 643. 

TULIPS (Rapid f10wering of early). 502. 

TUNGSTEN (The deviation from LAMBERT's law for incandescent) and molybdenum. 853. 

- (The speciflc heat of platinum and). 1069. 

TWEENBRAIN (Structural parallelism in the midbrain and) of teleosts and of birds. 695. 

ULTRAMARINES (Roentgenspectrographic investigations on the structure ofthe artificial) and 

the problem concerning their relations to the minerals Hauyne, Nosean, Sodalite, 

Lazurite and Nephelite. 249. 

- (Investigations into the constitution of artificial) 11. On ultramarine-blue with high 

sllica-content and on silver-, silversodium-, selenium- and silverseienium-uItramarines. 479. 

- (Investigations into the structure of the artificial) lIl. On silver-and alcali-silver ultra

marines whieh are derivatives of GUlMET'S ultramarine-blue with high silica content, 

and on mixed alcali-uItramarines and norm. butyl-silver-ultramarine. 885. 

U VEN (M. J. V A N) Method of calculating the mean errors of the standard deviatlons, 

coeflicients of correlation, and coefficients of regression, with n Iinearly correlated 

variables. 823. 

- Linear adjustment of a set of pairs of numbers (xk'yk). 1021. 

VACCINE (On the mutual immunization in Aphthae epizoötieae and). 543. 



CONTENTS 

VAPOUR PRESSURES (The) of solid and liquid neon. 362, 

VAPOUR TEN SlONS of liquid ethylene. 1057. 

XIX 

VARIABLES (On the development of a function of two real) into series of polynomials. 69. 

- (Method of calculating the mean errors of the standard deviations, coefficients of 

correlation, and coefficients of regress.ion, with n linearly correlated) 823. 

VEE N (H. J. V A N) A representation on RB of the projectivities of point-fields and 

ray-fields. 552. 

- Systems of plane collineations. 559. 

V EGA R 0 (L.) and W . H . KEESOM. On the luminescence produced by bombarding 

solidified gases with electric rays at the temperature of liquid helium. 511. 

VELOCITY (The influence of pressure on the reaction) and the function of the medium. 1039. 

VEN IN G MEI NES Z (F. A.) vide MEINESZ (F. A. VENING.) 

VERAART (MIsS C.), A. MICHELS and P . GEELS. Influence of the pressure on the 

electric conductivity of gold. 47. 

VERATRIN (The act ion of) on skeletal muscles. 235. 

VER S LU Y S (J.) An hypothesis explaining some characteristics of dey. 104. 

Earth movements caused by coalmining. 864. 

- The compacting pressure of sediments. 1004. 

VESTIBULAR TRACTUS (An anatomo-physiological study of the supra-) in Cölumba 

domestica. 455. 

VITAMIN (Experiments with JANSEN and DONATH'S antiberiberi-) 376. 

VOCAL OR GANS (An experimental study of the cerebellar control of the). 715. 

V R 1 ES (J A N 0 E). A complex of conics. 268. 

A congruence of plane monoids. 566. 

A representation of the congruence of REYE. 850. 

Representation of a bilinear congruence of conics. 988. 

WAS H I N G TON (F. P. K.) and H . B. DORGELO. The duration of metastable states of 

neon, argon and helium. 33. 

WATER. The three-phase-lines of the systems : water-orthocresol, water-metacresol and 
water-paracresol. 52. 

WAT E R MAN (N.) and L. DE KROMME. On the isolation of a substance with carcinolytic 

properties from the reticulo-endothelial system. 499. 

WAT T S (H. G AR FIT), E . MATTHIAS and C . A. CROMMELIN. On the rectilinear 

diameter of ethylene. 1054. 

WAT T S (H. GA R FIT) and C. A. CROMMELIN. Vapour tensions of liquid ethylene. 1057. 

- and C. A. CROMMELIN. Preliminary isotherms of ethylene. 1059. 

WEI T ZEN B Ö C K (R.). Zum Beweise des zweiten Fundamentalsatzes der symbolischen 

Methode. 166. 

- Ueber Syzygien bei sechs blnären Linearformen. 219. 

WEN T (F. W.). On growth-accelerating substances in the coleoptile of Avena sativa. 10. 

WE S TEN B RIN K (H. G . K.) , F. M. JAEGER and F . A . VAN MELLE. Roentgenspectro

graphic investigations on the structure of the artificial ultramarines and the problem 

concerning their relations to the minerals Hauyne, Nosean, Sodalite, Lazurite and 

Nephelite. 249. 



xx CONTENTS 

W I B A U T (J . P.) and G. L. C. LA BASTI!)E. On some derivatives of di- (2-pyridyl)

amine, and on tri- (2-pyridyl j-amine. 661. 

WIBA UT-ISEBRE E MOENS (N. L.). vide MOENS (N. L. WIBAUT-IsEBREE). 

WIE R S M A (D.). Astatistic inquiry into the psych Ic differences between the generations 

of to-day and farmer times. 958. 

WIJ H E (J. W . V A N). Observations on the adhesive apparatus and the function of the 

ilio·colonring in the living larva of Amphioxus in the growth-period. 991. 

ZONES (On quaternary symbols of). 980. 

Zoology. J. H. SCHUURMANS STEKHOVEN JR.: "The Nemas Anchylostoma and Necator". 113. 

- H. BOSCHMA : "On the larval forms of Rhizocephala" . 293. 

- H. R. HOOGENRAAD: "On the structure, life-history and development of Hedrocystls 

pellucida HERTW. and LESSM. 308. 

- J. H. SCHUURMANS STEKHOVEN JR.: "The Nemas Anchylostoma and Necator. 11. 

New researches on the larvae of Anchylostoma duodenale DUB. and Necator Amerl

canus STILES". 581. 

- J. W. VAN WIJHE : "Observations on the adhesive apparatus and the function of 

the ilio-colonring in the living larva of Amphioxus in the growth-period. 991 . 

ZUSAMMENHANGSSTUFEN und Cantorsche Mannigfaltigkeiten. 705. 

Zw A AR 0 E MAK E R (H.) Radiation-substances and cardiac hormones. 18-4. 

- On some properties of the radiation-substances (with weak radiation). 420. 

- On the origin of the radiation substances and their actlon on the heart. 624. 

Zw 1 K K E R (C.). The deviation from LAMBERT'S law for incandescent tungsten and 

molybdenum. 85~ 


	00001_Proc_30_II_F_00627a
	00002_Proc_30_II_F_00627b
	00003_Proc_30_II_F_00627c
	00004_Proc_30_II_F_00627d
	00005_Proc_30_II_P_00627
	00006_Proc_30_II_P_00628
	00007_Proc_30_II_P_00629
	00008_Proc_30_II_P_00630
	00009_Proc_30_II_P_00631
	00010_Proc_30_II_P_00632
	00011_Proc_30_II_P_00633
	00012_Proc_30_II_P_00634
	00013_Proc_30_II_P_00635
	00014_Proc_30_II_P_00636
	00015_Proc_30_II_P_00637
	00016_Proc_30_II_P_00638
	00017_Proc_30_II_P_00639
	00018_Proc_30_II_P_00640
	00019_Proc_30_II_P_00641
	00020_Proc_30_II_P_00642
	00021_Proc_30_II_P_00643
	00022_Proc_30_II_P_00644
	00023_Proc_30_II_P_00645
	00024_Proc_30_II_P_00646
	00025_Proc_30_II_P_00647
	00026_Proc_30_II_P_00648
	00027_Proc_30_II_P_00649
	00028_Proc_30_II_P_00650
	00029_Proc_30_II_P_00651
	00030_Proc_30_II_P_00652
	00031_Proc_30_II_P_00653
	00032_Proc_30_II_P_00654
	00033_Proc_30_II_P_00655
	00034_Proc_30_II_P_00656
	00035_Proc_30_II_P_00657
	00036_Proc_30_II_P_00658
	00037_Proc_30_II_P_00659
	00038_Proc_30_II_P_00660
	00039_Proc_30_II_P_00661
	00040_Proc_30_II_P_00662
	00041_Proc_30_II_P_00663
	00042_Proc_30_II_P_00664
	00043_Proc_30_II_P_00665
	00044_Proc_30_II_P_00666
	00045_Proc_30_II_P_00667
	00046_Proc_30_II_P_00668
	00047_Proc_30_II_P_00669
	00048_Proc_30_II_P_00670
	00049_Proc_30_II_P_00671
	00050_Proc_30_II_P_00672
	00051_Proc_30_II_P_00673
	00052_Proc_30_II_P_00674
	00053_Proc_30_II_P_00675
	00054_Proc_30_II_P_00676
	00055_Proc_30_II_P_00677
	00056_Proc_30_II_P_00678
	00057_Proc_30_II_P_00679
	00058_Proc_30_II_P_00680
	00059_Proc_30_II_P_00681
	00060_Proc_30_II_P_00682
	00061_Proc_30_II_P_00683
	00062_Proc_30_II_P_00684
	00063_Proc_30_II_P_00685
	00064_Proc_30_II_P_00686
	00065_Proc_30_II_F_00686a
	00066_Proc_30_II_P_00687
	00067_Proc_30_II_P_00688
	00068_Proc_30_II_F_00688a
	00069_Proc_30_II_P_00689
	00070_Proc_30_II_P_00690
	00071_Proc_30_II_P_00691
	00072_Proc_30_II_P_00692
	00073_Proc_30_II_P_00693
	00074_Proc_30_II_P_00694
	00075_Proc_30_II_P_00695
	00076_Proc_30_II_P_00696
	00077_Proc_30_II_P_00697
	00078_Proc_30_II_P_00698
	00079_Proc_30_II_P_00699
	00080_Proc_30_II_P_00700
	00081_Proc_30_II_P_00701
	00082_Proc_30_II_P_00702
	00083_Proc_30_II_P_00703
	00084_Proc_30_II_P_00704
	00085_Proc_30_II_P_00705
	00086_Proc_30_II_P_00706
	00087_Proc_30_II_P_00707
	00088_Proc_30_II_P_00708
	00089_Proc_30_II_P_00709
	00090_Proc_30_II_P_00710
	00091_Proc_30_II_P_00711
	00092_Proc_30_II_P_00712
	00093_Proc_30_II_P_00713
	00094_Proc_30_II_P_00714
	00095_Proc_30_II_P_00715
	00096_Proc_30_II_P_00716
	00097_Proc_30_II_F_00716a
	00098_Proc_30_II_P_00717
	00099_Proc_30_II_P_00718
	00100_Proc_30_II_P_00719
	00101_Proc_30_II_P_00720
	00102_Proc_30_II_P_00721
	00103_Proc_30_II_P_00722
	00104_Proc_30_II_P_00723
	00105_Proc_30_II_P_00724
	00106_Proc_30_II_P_00725
	00107_Proc_30_II_P_00726
	00108_Proc_30_II_P_00727
	00109_Proc_30_II_P_00728
	00110_Proc_30_II_P_00729
	00111_Proc_30_II_P_00730
	00112_Proc_30_II_P_00731
	00113_Proc_30_II_P_00732
	00114_Proc_30_II_P_00733
	00115_Proc_30_II_P_00734
	00116_Proc_30_II_P_00735
	00117_Proc_30_II_P_00736
	00118_Proc_30_II_P_00737
	00119_Proc_30_II_P_00738
	00120_Proc_30_II_P_00739
	00121_Proc_30_II_P_00740
	00122_Proc_30_II_P_00741
	00123_Proc_30_II_P_00742
	00124_Proc_30_II_P_00743
	00125_Proc_30_II_P_00744
	00126_Proc_30_II_P_00745
	00127_Proc_30_II_P_00746
	00128_Proc_30_II_P_00747
	00129_Proc_30_II_P_00748
	00130_Proc_30_II_P_00749
	00131_Proc_30_II_P_00750
	00132_Proc_30_II_P_00751
	00133_Proc_30_II_P_00752
	00134_Proc_30_II_P_00753
	00135_Proc_30_II_P_00754
	00136_Proc_30_II_F_00754a
	00137_Proc_30_II_P_00755
	00138_Proc_30_II_P_00756
	00139_Proc_30_II_P_00757
	00140_Proc_30_II_P_00758
	00141_Proc_30_II_P_00759
	00142_Proc_30_II_P_00760
	00143_Proc_30_II_P_00761
	00144_Proc_30_II_P_00762
	00145_Proc_30_II_P_00763
	00146_Proc_30_II_P_00764
	00147_Proc_30_II_P_00765
	00148_Proc_30_II_P_00766
	00149_Proc_30_II_P_00767
	00150_Proc_30_II_P_00768
	00151_Proc_30_II_P_00769
	00152_Proc_30_II_P_00770
	00153_Proc_30_II_P_00771
	00154_Proc_30_II_P_00772
	00155_Proc_30_II_P_00773
	00156_Proc_30_II_P_00774
	00157_Proc_30_II_P_00775
	00158_Proc_30_II_P_00776
	00159_Proc_30_II_P_00777
	00160_Proc_30_II_P_00778
	00161_Proc_30_II_P_00779
	00162_Proc_30_II_P_00780
	00163_Proc_30_II_P_00781
	00164_Proc_30_II_P_00782
	00165_Proc_30_II_P_00783
	00166_Proc_30_II_P_00784
	00167_Proc_30_II_P_00785
	00168_Proc_30_II_P_00786
	00169_Proc_30_II_P_00787
	00170_Proc_30_II_P_00788
	00171_Proc_30_II_P_00789
	00172_Proc_30_II_P_00790
	00173_Proc_30_II_P_00791
	00174_Proc_30_II_P_00792
	00175_Proc_30_II_P_00793
	00176_Proc_30_II_P_00794
	00177_Proc_30_II_P_00795
	00178_Proc_30_II_P_00796
	00179_Proc_30_II_P_00797
	00180_Proc_30_II_P_00798
	00181_Proc_30_II_P_00799
	00182_Proc_30_II_P_00800
	00183_Proc_30_II_P_00801
	00184_Proc_30_II_P_00802
	00185_Proc_30_II_P_00803
	00186_Proc_30_II_P_00804
	00187_Proc_30_II_P_00805
	00188_Proc_30_II_P_00806
	00189_Proc_30_II_P_00807
	00190_Proc_30_II_P_00808
	00191_Proc_30_II_P_00809
	00192_Proc_30_II_P_00810
	00193_Proc_30_II_P_00811
	00194_Proc_30_II_P_00812
	00195_Proc_30_II_P_00813
	00196_Proc_30_II_P_00814
	00197_Proc_30_II_P_00815
	00198_Proc_30_II_P_00816
	00199_Proc_30_II_P_00817
	00200_Proc_30_II_P_00818
	00201_Proc_30_II_P_00819
	00202_Proc_30_II_P_00820
	00203_Proc_30_II_P_00821
	00204_Proc_30_II_P_00822
	00205_Proc_30_II_P_00823
	00206_Proc_30_II_P_00824
	00207_Proc_30_II_P_00825
	00208_Proc_30_II_P_00826
	00209_Proc_30_II_P_00827
	00210_Proc_30_II_P_00828
	00211_Proc_30_II_P_00829
	00212_Proc_30_II_P_00830
	00213_Proc_30_II_P_00831
	00214_Proc_30_II_P_00832
	00215_Proc_30_II_P_00833
	00216_Proc_30_II_P_00834
	00217_Proc_30_II_P_00835
	00218_Proc_30_II_P_00836
	00219_Proc_30_II_P_00837
	00220_Proc_30_II_P_00838
	00221_Proc_30_II_P_00839
	00222_Proc_30_II_P_00840
	00223_Proc_30_II_P_00841
	00224_Proc_30_II_P_00842
	00225_Proc_30_II_P_00843
	00226_Proc_30_II_P_00844
	00227_Proc_30_II_P_00845
	00228_Proc_30_II_P_00846
	00229_Proc_30_II_P_00847
	00230_Proc_30_II_P_00848
	00231_Proc_30_II_P_00849
	00232_Proc_30_II_P_00850
	00233_Proc_30_II_P_00851
	00234_Proc_30_II_P_00852
	00235_Proc_30_II_P_00853
	00236_Proc_30_II_P_00854
	00237_Proc_30_II_P_00855
	00238_Proc_30_II_P_00856
	00239_Proc_30_II_P_00857
	00240_Proc_30_II_P_00858
	00241_Proc_30_II_P_00859
	00242_Proc_30_II_P_00860
	00243_Proc_30_II_P_00861
	00244_Proc_30_II_P_00862
	00245_Proc_30_II_P_00863
	00246_Proc_30_II_P_00864
	00247_Proc_30_II_P_00865
	00248_Proc_30_II_P_00866
	00249_Proc_30_II_P_00867
	00250_Proc_30_II_P_00868
	00251_Proc_30_II_P_00869
	00252_Proc_30_II_P_00870
	00253_Proc_30_II_P_00871
	00254_Proc_30_II_P_00872
	00255_Proc_30_II_P_00873
	00256_Proc_30_II_P_00874
	00257_Proc_30_II_P_00875
	00258_Proc_30_II_P_00876
	00259_Proc_30_II_P_00877
	00260_Proc_30_II_P_00878
	00261_Proc_30_II_P_00879
	00262_Proc_30_II_P_00880
	00263_Proc_30_II_P_00881
	00264_Proc_30_II_P_00882
	00265_Proc_30_II_P_00883
	00266_Proc_30_II_P_00884
	00267_Proc_30_II_P_00885
	00268_Proc_30_II_P_00886
	00269_Proc_30_II_P_00887
	00270_Proc_30_II_P_00888
	00271_Proc_30_II_P_00889
	00272_Proc_30_II_P_00890
	00273_Proc_30_II_P_00891
	00274_Proc_30_II_P_00892
	00275_Proc_30_II_P_00893
	00276_Proc_30_II_P_00894
	00277_Proc_30_II_P_00895
	00278_Proc_30_II_P_00896
	00279_Proc_30_II_P_00897
	00280_Proc_30_II_P_00898
	00281_Proc_30_II_P_00899
	00282_Proc_30_II_P_00900
	00283_Proc_30_II_P_00901
	00284_Proc_30_II_P_00902
	00285_Proc_30_II_P_00903
	00286_Proc_30_II_P_00904
	00287_Proc_30_II_P_00905
	00288_Proc_30_II_P_00906
	00289_Proc_30_II_P_00907
	00290_Proc_30_II_P_00908
	00291_Proc_30_II_P_00909
	00292_Proc_30_II_P_00910
	00293_Proc_30_II_P_00911
	00294_Proc_30_II_P_00912
	00295_Proc_30_II_P_00913
	00296_Proc_30_II_P_00914
	00297_Proc_30_II_P_00915
	00298_Proc_30_II_P_00916
	00299_Proc_30_II_P_00917
	00300_Proc_30_II_P_00918
	00301_Proc_30_II_P_00919
	00302_Proc_30_II_P_00920
	00303_Proc_30_II_P_00921
	00304_Proc_30_II_P_00922
	00305_Proc_30_II_P_00923
	00306_Proc_30_II_P_00924
	00307_Proc_30_II_P_00925
	00308_Proc_30_II_P_00926
	00309_Proc_30_II_P_00927
	00310_Proc_30_II_P_00928
	00311_Proc_30_II_F_00928a
	00312_Proc_30_II_F_00928b
	00313_Proc_30_II_P_00929
	00314_Proc_30_II_P_00930
	00315_Proc_30_II_P_00931
	00316_Proc_30_II_P_00932
	00317_Proc_30_II_P_00933
	00318_Proc_30_II_P_00934
	00319_Proc_30_II_P_00935
	00320_Proc_30_II_P_00936
	00321_Proc_30_II_P_00937
	00322_Proc_30_II_P_00938
	00323_Proc_30_II_P_00939
	00324_Proc_30_II_P_00940
	00325_Proc_30_II_P_00941
	00326_Proc_30_II_P_00942
	00327_Proc_30_II_P_00943
	00328_Proc_30_II_P_00944
	00329_Proc_30_II_P_00945
	00330_Proc_30_II_P_00946
	00331_Proc_30_II_P_00947
	00332_Proc_30_II_P_00948
	00333_Proc_30_II_P_00949
	00334_Proc_30_II_P_00950
	00335_Proc_30_II_P_00951
	00336_Proc_30_II_P_00952
	00337_Proc_30_II_P_00953
	00338_Proc_30_II_P_00954
	00339_Proc_30_II_P_00955
	00340_Proc_30_II_P_00956
	00341_Proc_30_II_P_00957
	00342_Proc_30_II_P_00958
	00343_Proc_30_II_P_00959
	00344_Proc_30_II_P_00960
	00345_Proc_30_II_P_00961
	00346_Proc_30_II_P_00962
	00347_Proc_30_II_P_00963
	00348_Proc_30_II_P_00964
	00349_Proc_30_II_P_00965
	00350_Proc_30_II_P_00966
	00351_Proc_30_II_P_00967
	00352_Proc_30_II_P_00968
	00353_Proc_30_II_P_00969
	00354_Proc_30_II_P_00970
	00355_Proc_30_II_P_00971
	00356_Proc_30_II_P_00972
	00357_Proc_30_II_P_00973
	00358_Proc_30_II_P_00974
	00359_Proc_30_II_P_00975
	00360_Proc_30_II_P_00976
	00361_Proc_30_II_P_00977
	00362_Proc_30_II_P_00978
	00363_Proc_30_II_P_00979
	00364_Proc_30_II_P_00980
	00365_Proc_30_II_P_00981
	00366_Proc_30_II_P_00982
	00367_Proc_30_II_P_00983
	00368_Proc_30_II_P_00984
	00369_Proc_30_II_P_00985
	00370_Proc_30_II_P_00986
	00371_Proc_30_II_P_00987
	00372_Proc_30_II_P_00988
	00373_Proc_30_II_P_00989
	00374_Proc_30_II_P_00990
	00375_Proc_30_II_P_00991
	00376_Proc_30_II_P_00992
	00377_Proc_30_II_P_00993
	00378_Proc_30_II_P_00994
	00379_Proc_30_II_P_00995
	00380_Proc_30_II_P_00996
	00381_Proc_30_II_P_00997
	00382_Proc_30_II_P_00998
	00383_Proc_30_II_P_00999
	00384_Proc_30_II_P_01000
	00385_Proc_30_II_P_01001
	00386_Proc_30_II_P_01002
	00387_Proc_30_II_P_01003
	00388_Proc_30_II_P_01004
	00389_Proc_30_II_P_01005
	00390_Proc_30_II_P_01006
	00391_Proc_30_II_P_01007
	00392_Proc_30_II_P_01008
	00393_Proc_30_II_P_01009
	00394_Proc_30_II_P_01010
	00395_Proc_30_II_P_01011
	00396_Proc_30_II_P_01012
	00397_Proc_30_II_P_01013
	00398_Proc_30_II_P_01014
	00399_Proc_30_II_P_01015
	00400_Proc_30_II_P_01016
	00401_Proc_30_II_P_01017
	00402_Proc_30_II_P_01018
	00403_Proc_30_II_P_01019
	00404_Proc_30_II_P_01020
	00405_Proc_30_II_P_01021
	00406_Proc_30_II_P_01022
	00407_Proc_30_II_P_01023
	00408_Proc_30_II_P_01024
	00409_Proc_30_II_P_01025
	00410_Proc_30_II_P_01026
	00411_Proc_30_II_P_01027
	00412_Proc_30_II_P_01028
	00413_Proc_30_II_P_01029
	00414_Proc_30_II_P_01030
	00415_Proc_30_II_P_01031
	00416_Proc_30_II_P_01032
	00417_Proc_30_II_P_01033
	00418_Proc_30_II_P_01034
	00419_Proc_30_II_P_01035
	00420_Proc_30_II_P_01036
	00421_Proc_30_II_P_01037
	00422_Proc_30_II_P_01038
	00423_Proc_30_II_P_01039
	00424_Proc_30_II_P_01040
	00425_Proc_30_II_P_01041
	00426_Proc_30_II_P_01042
	00427_Proc_30_II_P_01043
	00428_Proc_30_II_P_01044
	00429_Proc_30_II_P_01045
	00430_Proc_30_II_P_01046
	00431_Proc_30_II_P_01047
	00432_Proc_30_II_P_01048
	00433_Proc_30_II_P_01049
	00434_Proc_30_II_P_01050
	00435_Proc_30_II_P_01051
	00436_Proc_30_II_P_01052
	00437_Proc_30_II_P_01053
	00438_Proc_30_II_P_01054
	00439_Proc_30_II_P_01055
	00440_Proc_30_II_P_01056
	00441_Proc_30_II_P_01057
	00442_Proc_30_II_P_01058
	00443_Proc_30_II_P_01059
	00444_Proc_30_II_P_01060
	00445_Proc_30_II_P_01061
	00446_Proc_30_II_P_01062
	00447_Proc_30_II_P_01063
	00448_Proc_30_II_P_01064
	00449_Proc_30_II_P_01065
	00450_Proc_30_II_P_01066
	00451_Proc_30_II_P_01067
	00452_Proc_30_II_P_01068
	00453_Proc_30_II_P_01069
	00454_Proc_30_II_P_01070
	00455_Proc_30_II_P_01071
	00456_Proc_30_II_P_01072
	00457_Proc_30_II_P_01073
	00458_Proc_30_II_P_01074
	00459_Proc_30_II_P_01075
	00460_Proc_30_II_P_01076
	00461_Proc_30_II_P_01077
	00462_Proc_30_II_P_01078
	00463_Proc_30_II_P_01079
	00464_Proc_30_II_P_01080
	00465_Proc_30_II_P_01081
	00466_Proc_30_II_P_01082
	00467_Proc_30_II_P_01083
	00468_Proc_30_II_P_01084
	00469_Proc_30_II_P_01085
	00470_Proc_30_II_P_01086
	00471_Proc_30_II_P_01087
	00472_Proc_30_II_P_01088
	00473_Proc_30_II_P_01089
	00474_Proc_30_II_P_01090
	00475_Proc_30_II_P_01091
	00476_Proc_30_II_P_01092
	00477_Proc_30_II_P_01093
	00478_Proc_30_II_P_01094
	00479_Proc_30_II_P_01095
	00480_Proc_30_II_P_01096
	00481_Proc_30_II_P_01097
	00482_Proc_30_II_P_01098
	00483_Proc_30_II_P_01099
	00484_Proc_30_II_P_01100
	00485_Proc_30_II_P_01101
	00486_Proc_30_II_P_01102
	00487_Proc_30_II_P_01103
	00488_Proc_30_II_P_01104
	00489_Proc_30_II_P_01105
	00490_Proc_30_II_P_01106
	00491_Proc_30_II_P_01107
	00492_Proc_30_II_P_01108
	00493_Proc_30_II_P_01109
	00494_Proc_30_II_P_01110
	00495_Proc_30_II_P_01111
	00496_Proc_30_II_P_01112
	00497_Proc_30_II_P_01113
	00498_Proc_30_II_P_01114
	00499_Proc_30_II_P_01115
	00500_Proc_30_II_P_01116
	00501_Proc_30_II_P_01117
	00502_Proc_30_II_P_01118
	00503_Proc_30_II_P_01119
	00504_Proc_30_II_P_01120
	00505_Proc_30_II_P_01121
	00506_Proc_30_II_P_01122
	00507_Proc_30_II_P_01123
	00508_Proc_30_II_P_01124
	00509_Proc_30_II_P_01125
	00510_Proc_30_II_P_01126
	00511_Proc_30_II_P_01127
	00512_Proc_30_II_P_01128
	00513_Proc_30_II_F_0000a
	00514_Proc_30_II_F_0000b
	00515_Proc_30_II_F_0000c
	00516_Proc_30_II_F_0000d
	00517_Proc_30_II_F_0000e
	00518_Proc_30_II_F_0000f
	00519_Proc_30_II_F_0000g
	00520_Proc_30_II_F_0000h
	00521_Proc_30_II_F_0000i
	00522_Proc_30_II_F_0000j
	00523_Proc_30_II_F_0000k
	00524_Proc_30_II_F_0000l
	00525_Proc_30_II_F_0000m
	00526_Proc_30_II_F_0000n
	00527_Proc_30_II_F_0000o
	00528_Proc_30_II_F_0000p
	00529_Proc_30_II_F_0000q
	00530_Proc_30_II_F_0000r
	00531_Proc_30_II_F_0000s
	00532_Proc_30_II_F_0000t

